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GORRRCTION8  AND  INSERTIONS 

Contributors  to  Toltune  32  have  been  Invited  to  send  corrections  and  Inser 
tlona  to  be  made  In  their  papers,  nnd  the  volume  hae  been  scanned  with  some 
care  by  the  Editor.  The  following  are  such  correctlouB  and  Insertions  as  are 
deemed  worthy  of  attention : 

Page  2,  line  10  from  top,  omit  "Structural  features  of  Indiana"  and  ii*»ert 
Increased  oceiiulc  sallnltf  as  one  caiuie  of  lucreflBed  climatic 
contrasts. 

"     16,  line  3  from  top,  inacrt  Pli.  D.  after  name  of  John  L.  Tilton. 

"     26,  line  18  from  bottom,  for  • 'subsequently"  read  consequently, 

"     36,  line  21  from  bottom,  for  "sympathy"  read  symmetry. 

"  27.  line  6  from  bottom,  omit  "Structural  features  of  Indiana"  and 
insert  Increased  oceanic  salinity  as  one  cause  of  Increased  cli- 
matic contrasts. 

"     27,  line  D  from  bottom,  after  "Stephen"  insert  initial  S. 

"     27,  tlupB  2,  3,  and  4  from  bottom,  and 

"  2S,  lines  I  to  28  from  top,  transfer  to  page  35  and  insert  by  W.  N. 
Logon  under  title  "Some  structural  features  of  Indiana." 

"  7>2,  insert  in  footnote  T.umplugh,  G.  W. :  On  glacial  shell-beds  in  Brit- 
ish Columbia,  i'roceedings  of  the  Yorkshire  Geological  Society. 
1886. 

"  03,  Hue  24  from  top,  insert  the  name  of  J.  L.  Tilton  among  the  Fel- 
lows-elect present  at  the  meeting. 

"  157.  The  "IToccedtugs"  of  the  Chicago  meeting  of  the  Society  of  EJco- 
nomic  GoologlNis  were  made  up  hj*  the  Secretary  of  the  (>eolog- 
kral  Society  of  America,  and  the  footnote  (line  30)  should  be 
frnneterred  to  page  1R8,  as  referring  merely  to  the  prosrram  of 
papers  and  the  Constitution  anil  Ity-Laws. 

"   172,  line  10  from  top.  Jnr  "wooden"  read  woolen. 

"  263,  center  o(  figure  3,  under  "S"  of  "Sugarlouf."  insert  short  perjyen- 
dlculnr  line  to  Indicate  sepiirntlou  of  IgncouB  and  sedimentary 
rocks. 

"  270,  in  "Tabulated  Summary"  facing  this  page,  first  word  In  first  col- 
umn, for  ".Vthahapuskow"  reai  Athapapuskon. 

"  288,  line  4  from  top,  after  Ontario  insert  comma. 

"  347,  line  2  from  top,  after  "Euro-Asiatic  one"  inserl  at  Inle  Middle  and. 
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'uDKiltailun  and  By-Laws JH 

■aWlcsttcin  rules 101 

'•Bwrs,  Corrpsi>oudeuts,  and  Fellows  of  the  Geological  Society  of  America  1115 


Session  of  Tuksoay,  1)i-:cember  28,  1920 

The  Thirty-third  Annual  Meeting  of  the  (jeological  Society  of  Amerirn 
Bsheld  rj(H-ember  28-30,  1!)20,  in  Chicago,  Illinois,  in  affiliation  with 
le  .Seventy-third  Annual  Meeting  of  the  American  Assoeifltiiiii  for  tlip 
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Advancement  of  Science.  In  affiliation  with  the  Geological  Society,  the 
Paleontological  Society  coDvened  in  its  Twelfth  Annual  Meeting,  the 
Mineralogical  Society  of  America  held  its  Firat  Annual  Meeting,  aud 
the  Society  of  Economic  Geologists  held  its  Firat  Annual  Meeting.  All 
the  business  and  scientific  Bessions  and  the  annual  subscription  smolter 
were  held  in  the  rooms  of  Rosenwald  Hall  by  invitation  of  the  Depart- 
ment of  Geology  of  the  University  of  Chicago.  The  annual  subscription 
dinner  took  place  at  the  Chicago  Beach  Hotel. 

The  first  general  session  of  the  meeting  was  called  to  order  at  9.50 
o'clock  a.  m.,  Tuesday,  December  28,  1920,  by  President  I.  C.  White,  and 
the  Secretary  was  called  on  for  the  report  of  the  Council.  This  was  sub- 
mitted in  printed  form,  as  follows : 

REPORT    OF   THE   COUNCIL 

To  the  Geological  Society  of  America,  in  thirty-third  annual  meeting 
assembled: 

The  regular  annual  meeting  of  the  Council  was  held  at  Boston,  Massa- 
chusetfs,  in  connection  with  the  meeting  of  the  Society,  December  29-31, 
1911).    A  special  meeting  was  held  in  Washington,  April  35,  1920. 

The  details  of  administration  for  the  thirty-second  year  of  the  exist- 
ence of  the  Society  are  given  in  the  following  reports  of  the  oflRcera : 

SECBETABV'e  Rbpobt 
To  the  Councii  of  the  Geological  Society  of  America: 
The  Secretary's  annual  report  for  the  year  ending  November  30,  1920, 

is  as  follows : 

Meetings. — The  proceedings  of  the  annual  general  meeting  of  the 
Society,  held  at  Boston,  Massachusetts,  December  29-31,  1919,  have  been 
recorded  iu  volume  31,  pages  1-196,  of  tlie  Bulletin,  and  of  the  Paleonto- 
logical Society,  pages  197-232,  of  the  same  volume. 

Membership. — During  the  past  year  the  Society  has  lost  one  Fellow  by 
death — Joseph  P.  Iddings.  The  names  of  the  fifteen  Fellows  elected  at 
the  Boston  meeting,  and  who  qualified,  have  been  added  to  the  printed 
list.  The  present  enrollment  of  the  Society  is  419.  Thirty-five  caiidi- 
•  dates  for  Fellowship  are  before  the  Society  for  election  and  several  appli- 
cations are  under  consideration  by  the  Council. 
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Index. — An  index  volume  to  volumeB  21  to  30,  inclueive,  of  the  Bulle- 
tin has  been  compiled  and  printed  under  the  supervision  of  the  Editor, 
and  it  irill  be  distributed  early  in  the  year  1!)31. 

Distribution  of  the  Bulletin. — There  have  been  received  during  the 
year  fifteen  new  subecriptions  to  the  Bulletin ;  forty-four  have  not  yet 
been  reneived.  The  number  of  volumes  sent  out  to  subscribers  is  now  138. 
Five  volumes  are  distributed  gratis  to  the  Library  of  Congress,  the  Amer- 
ican Museum  of  Natural  History,  and  the  government  geological  surveya 
of  the  United  States,  Canada,  and  Mexico. 

The  irregular  distribution  of  the  Bulletin  during  the  past  year  has 
been  as  follows:  Complete  volumes  sold  to  the  public,  198;  sent  out  tu 
supply  delinquents,  3 ;  brochures  sold  to  Fellows,  56 ;  sold  to  the  public, 

186 ;  sent  out  to  supply  delinquents,  53,  and  deficiencies,  30,     Index  to 

volumes  1-10  sold  to  the  public,  S;  Index  11-30,  3. 

Bulletin  sales. — The  receipts  from  subscriptions  to  and  sales  of  the 
Bulletin  during  the  past  year  are  shown  in  the  following  table : 
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Btaietin  8ale»,  December  i,  1919-Sovember  SO,  i9t0 


Complete  TolumeB. 

Brov-liures  and  parts. 

Fellows. 

Public. 

Total. 

Fellows. 

Public. 

Total, 

Volume   1 

$16.00 
22.60 
22.60 
30.00 
30.00 
30.00 
32.50 
22.50 
22.60 
22.50 
30.00 
30.00 
10. 0» 
30.00 
30.00 
37.60 
7.60 
7.60 
7.50 
50.00 
7.50 
32.50 
15.00 
3:i,50 
15.00 
15.00 
37.50 
47.50 
38.00 
1L>7.50 
667.50 
175.50 

CIS.OO 
22.60 
22.60 
30.00 
30.00 
30.00 
22.60 
22^0 
22.60 
22.60 
30.00 
30.00 
30.00 
30.00 
30.00 
37.60 
7.60 
7.60 
7.60 
50.00 
7.60 
32.50 
15.00 
32.50 
15.00 
15.00 
37.50 
47.50 
39.00 
127.50 
687.50 
173.50 

tU.00 

«3.00 

K.OO 

a.10 

Hi* 

.30 
.34 

■$3. '66' 

.30 
3.34 

Volume  6.. 

SiM 

80.69 



.86 

.36 

»:» 

21.10 

.66 

l.OO 

1.06 

n.oo 

.15 

..15 

30.15 

.11 

"s.i^ 

6.16 
.70 

.90 
1.80 
1.30 

.67 
7.00 

2.60 

■"i!65" 

11.68 
1.90 
4.20 
(1.54 
71.93 
13,35 
383.83 

1.01 
1.80 

i.m 

.«7 
7.00 
5.80 
5.16 
1.75 
11.68 
1.90 

a.w 

9.64 
77.63 
18.76 
391. OS 

3S.tl 

B.W 

S.17 

S7.«» 

W.75 

Volume  24. 

44.1ft 

'"■z'.m 

.1.00 
5.70 
5.40 
27.25 

47.04 

518.58 

687  IS 

.::::;;::....:":. 

ToUl.... 



(1,711.00 
4. .50 
7.00 

«1 ,722. ,50 

$1,711,00 
4.50 
7.00 

(1,722.50 

$57.70   $493.54   $551.24 

$2,262.24 

Total .... 



$57.70  i$4!13.54  ;$551.24 

$3,273.74 

riiurgwl  on  1919  m-oouiit,  liut  luit  jet  recti  veil J3.00 

CliiirBfd  on  1920  Hwouiit,  but  not  yet  iweiveii 163.20 

Total J166.20 

Refeli)ts  for  the  fiscal  jeur $2,107.54 

Previously    reported 24,967.01 

Total   salM   to  ilflte $27,074.68 
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Eipensea. — The  following  table  gives  the  cost  of  administration  and 
of  Bulletin  distribution  during  the  past  year : 

or  BemrrABY's  office  dcbino  the  fiscal  tbab  end 


Account  of  Adminitl ration 

Muting  and  stattonery $201.00 

tmttst    52.98 

lUtgnuns  and  telephone 20.14 

Iqalre  to  typewriter  and  dlctapbone. 3.26 

Kipress    ,W 

Bootolpding    2.75 

GeolDglcfll  Mafcaslne S.  10 

■inwp  portrait  (pontage,  mewieiiger,  and  prlntlnK) 10.80 

Group  portrait 40.00 

Um  m  foreigu  exchange .37 

Sndrim  connected  with  Bontou  meeting 12.07 

Total 1357.23 

Arrount  of  Bulletin 

Pnptrstion  of  Index  to  volumeB  21-;» 1390.00 

(Meal  hire  authorized  by  Cuundl 300.00 

IWige    66.50 

Eipnsi  19.53 

AWwHHogmph    plates 3.58 

Telfframs   1.17 

Printing  2.00 

Mwwiger  .65 

EiduDge  on  checlw 2.70 

Total 776.13 

Grand  total $1,1;« .  36 

Rp»[)ect fully  submitted, 

Eduukd  Otis  Hovet, 

Secretary. 
Tbeasuber'b  Report 
To  tkt  Council  of  the  Ocological  Society  of  America: 

The  Treasurer  herewith  subtnite  his  annual  report  for  the  year  ending 
-Vovember  30,  1920. 

T^e  membership  of  the  Society  at  the  present  time  is  419,  of  whom 
•^1  pay  annual  dues.    Eighteen  new  members  were  elected  at  the  lost 


t.yGoO'^lc 


10 


PROCEEDINGS   OF   THE  CHICAGO   MEETING 


annual  meeting,  fifteen  of  whom  qualified,  one  as  a  Life  Member.  There 
has  been  one  death,  a  Life  Member,  during  the  year,  which  leaves  the 
total  of  Life  Members  at  88,  Two  members  were  dropped  for  the  non- 
payment of  duee.  When  the  books  closed  for  the  year,  2?  members  vere 
delinquent  in  the  payment  of  dues — 1  for  4  years,  2  for  3  years,  5  for  i 
years — and  are  therefore  liable  to  be  dropped  from  the  roll,  and  19  for  1 
year. 

BECBIPTS 

Cash  oa  band,  December  1,  1916 (331-02 

Fellowsblp  fees,  1918  <3) (30. 00 

ItflO  (10) 100.00 

1920  (303) 3,030.00 

1921  (1) 10.00 

3,170.00 

Life  Commutation   (1) 150.00 

InlUatlon  fees   (15) 150.00 

Interest  on  Investments 1,106.00 

Interest  on  deposits  In  Baltimore  Trust  Company 147.28 

CollectJoD  cbarges  added  to  checks .20 

Received  (rotn  Secretary: 

Sales  of  publications *2,107.54 

Sales  of  group  portrait 422.26 

Subscriptions  to  Geological  Magaelae 232.70 

Postage  and  exprwa 41.02 

Autbors'  separatee 316.75 

Authors'  corrections. 78.71 

Illustration  work  charged  to  authors 10.38 

Collection  of  checks 3.20 

Brazilian  Qovemment  on  account  Portu- 
guese   edition    of    geological    map    of 

Brazil 166.60 

3.377.21 

J11.M0.71 


Secretary's  ofllce: 

AdmiuiMtration  9301.33 

Bulletin    770.13 

Group  portrait 50.80 

Geological    Magazine 231.30 

Secretary's   allowance 1,000.00 

i 

Treasurer's  oillce: 

Expenses    J37.2R 

Clerk  150.00 
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Pobllcatiou  of  Bulletin : 

Prlutlue    J3,680.57 

KnerravlDg   ■   185.48 

Kdltor'tt    allowuiice 250. 00 

— 4,I10.0iS 

Pnrcbase  of  oue  I..oulHvllle  &  NaslivlIIe  Itall- 
ruHtl  Compauy  10-ypar  t  pel'  cent  note;  one 
Nevr  York  Central  Railroad  CompuDy  10- 
year  7  |»er  cent  Collateral  Trust  bond;  owe 
Bell  Telepbuue  Company  of  I'einisylvnnla 
25-year     Klrst    and    Uefandlug   T    i>er    cent 

bond     .' 3,113 .  44 

$9,776.30 

Batau<.-«  In  Baltimore  Trust  Comi>any,  December  1,  1020.      1,774.41 


Respectfully  submitted. 


Edward  B.  Mathews, 

Treasurer. 


To  the  Council  of  the  Geological  Society  of  America: 

The   following  tables  cover  statistical  data  for  the  thirty-one  volumes 
thus  far  issued : 


r  PtrBUCATiON 


Coar. 

«."Sr 

v.,.». 

vol.27. 

'%t¥ 

Vol.  J9, 

Vol.  30, 

V.,-.. 

ffi.;?' 

z.w^ 

gf.^o"- 

pp.  698 
pl9.  Z2 

pp.  65? 
pis.  15 

BIS 

Letter  press 

UlBMTfttlon* 

P«P«r 

..l?i. 

"ii 

416:00 

698«l 

SI  .481.37 
416:00 

K,4n.l6 
379:61 

ll,S4U5 

266:64 

Tot«I 

tZ.lH.lS 

fl.47e.91 

IJ,47B.97 

13.310.52 

i2.2».44 

W.J73.33 

11.940.03 

AvsraK*  per  V*K* 

JZJO 

IZ.81 

K.27 

S\Zi 

11.18 

J5.75           14.15 
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Bespectfully  submitted, 

Joseph  Stanley-Brown,  Editor. 
The  foregoing  report  is  reepeetfully  submitted. 

The  Codncil. 
December  28, 1920. 

On  motion,  this  report,  according  to  the  custom,  was  laid  on  the  table 
to  the  nest  day  to  permit  the  auditing  of  the  Treasurer's  accounts. 

ELECTION    OF   AUDITINO    COMMITTEE 

The  Society  then  elected  E.  S.  Baatin,  J..  T.  Singewald,  Jr.,  and  F.  B. 
Peck  to  serve  as  an  Auditing  C'ommittM. 
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AHBNDUENTS  TO   C0N8TIT0TI0N   AND  BY-LAWS 

Announcement  waa  made  that  the  amendments  to  the  CoQstitution  and 
By-Laws  which  had  been  submitted  to  the  Society  by  Council  in  order  to 
provide  for  the  repreaentatioD  on  the  council  of  societies  accepted  in 
afBliation  with  the  Geological  Society  of  America  had  been  adopted,  the 
vote  standing  336  in  favor  to  4  against  the  amendments;  308  favorable 
votcB  arc  now  necessary  for  the  adoption  of  an  amendment  to  the  Consti- 
tution.   The  amendments  are  as  follows : 

The  first  sentence  of  paragraph  1  of  Article  IV  of  the  Constitution  is 
changed  to  read  as  follows : 

The  offlcers  of  the  Society  stiall  conKlst  of  n  itrpflident,  a.  Qrst  vice-president, 
a  Necond  vice-president,  and  one  vice-president  to  represent  each  of  the  socle- 
tlm  afflllated  wltb  this  Soclet}',  a  secretary,  a  treasurer,  an  editor,  and  alx 
coundlora. 

The  fourth  sentence  of  section  1  of  Chapter  IV  of  the  By-Laws  is 
I'banged  to  read : 

The  nominee  for  third  vice-president  shall  be  the  nominee  for  the  presidency 
of  tlie  Paleontologlcal  Society,  which  ban  been  organlied  ax  a  section  under 
Article  ATII  of  the  Constitution.  The  nominee  for  tbe  vlce-prefldeat  repre- 
ifutlug  an  affiliated  society  shall  be  chosen  from  tbe  Joint  fellowship  by  vote 
of  tbe  afflllated  society  concerned,  subject  to  confirmation  by  the  Council  of 
tbe  Ueological  Society  of  America. 

The  change  became  effective  as  of  December  1,  1920,  and  the  Presi- 
dent of  the  Mineralogical  Society  of  America  automatically  became  the 
nominee  for  Fourth  Vice-President  of  the  Geological  Society  of  America 
for  1921. 

ELECTION    OF   OFFICERS   FOR    1931 

The  Secretary  then  announced  that  the  Council  had  on  the  preceding 
day  canvassed,  opened,  and  counted  the  ballots  for  officers  for  the  year 
1921,  in  accordance  with  the  By-Laws,  and  he  declared  the  list  duly 
elected  as  follows : 

oFPicBRa  FOR  aei 

President: 

James  F.  Kemp,  New  York  City 

First  Vice-President: 

J.  B.  WoODWORTH,  Cambridge,  Massachusetts 

Second  Vice-President: 

Ahthur  Keith,  Washington,  D.  C. 
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Third  Vice-President: 

T.  W.  Stanton,  Washington,  D.  C. 

Fourth  Vice-President: 

Charles  Palache,  Cambridge,  Massachueette 

Secretary : 

Kdhund  Otis  Hovey,  New  York  City 

Treasurer: 

Edwabd  B.  Mathews,  Baltimore,  Maryland 

Editor: 

Joseph  Stanlby-Bbown,  New  Cork  City 

.  Councilors  (1921-192S) : 
L.  C.  Graton',  Cambridge,  Mssaacliusetts 
Georoe  D.  Louderback,  Berkeley,  California 

election  of  representatives  on  the  national  research  council 

The  following  Fellows  were  declared  duly  elected  as  nominees  as  rep- 
reEeiitativee  on  the  Advisory  Committee  of  the  National  B«search  Council 
for  the  term  July  1,  1981,  to  June  30,  1924,  inclusive: 

BoLUN  T.  Chambeblin.  Chicago,  lUlnotK. 
Fkederick  E.  Wbioht,  Washington,  D.  C. 


The  following  persons  were  then  declared  to  have  been  elected  Fellows 
of  the  Society  in  accordance  with  the  provisions  of  the  Constitution  ami 
By-Laws : 

FaawmrK  Jaubs  Alcock,  B.  A.,  Ph.  D.,  Geologint,  Geological  Sun'e;  of  CflnaiU, 
Ottawa.  Canada. 

Hasold  I^ttimobb  Aij.i.ng.  B.  S..  A.  M.,  Ph.  D,.  Asststant,  Department  of  Geol- 
OK.v,  Unlverslfj-  of  Ro<?hester,  Roobenter.  New  YorlL 

Kdwahd  Clayton  A.ndrbwh,  B.  A.,  Chief,  Geol(«lcal  Survey  of  New  Soulh 
Wales,  Sydney,  New  South  Wales. 

Albekt  DunLEY  Brokaw,  S.  B.,  Ph.  D.,  157  Muplewood  A.venue.  Maplewood. 
New  Jersey. 

EvEREND  Lester  Brcce,  B.  So.,  B.  A.,  A.  H.,  Ph.  D.,  Geologlat,  Geological  Sur- 
vey of  Canada,  Ottawa.  Canada. 

Walter  H.  Bucher.  Ph.  D.,  AsxiRtant  ProfeHsor  of  Geology,  University  of  Cin- 
cinnati. Cincinnati.  Ohio. 
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RK^&n  Francis  Bvrchard.  B,  S.,  M.  S.,  GeologlHt,  O.  S.  Geological  Survey, 
Waehlngton.  D.  C. 

John  Pbteb  Buwalda,  B.  S.,  Ph.  I>.,  AsHlHtant  Professor  of  Geology,  Yale  UqI- 
verslty,  New  Haven,  Oonnectl<'Ut. 

UiLBEBT  Hatbk  Cadt.  a.  B.,  a.  M.,  Ph.  D.,  Department  of  Geologf  and  Mining, 
Fayetterllle,  Arkansas. 

WILI.1AW  O.  Clabk.  B.  a.,  a.  M..  771  Hamilton  Street.  Palo  Alto.  California. 

iivY  Hexbt  Cox.  B.  S.,  M.  A..  I'h.  n..  Head  of  Department  of  Geology.  Mis- 
soar!  School  of  Mines,  Rolla,  Missouri. 

Chaklcs  I>awbekcb  Dake,  A.  B..  A.  M..  AsMxrlate  Professor  of  Geology,  Mis- 
souri School  of  Mines,  Rolla,  Missouri. 

N'lLHON  Ci.AaK  DAI.E,  B.  Sc.,  M.  A.,  Ph.  D.,  Professor  of  Geology,  Hamilton 
College.  Clinton,  New  York. 

Rlueb  Fbed  Datis,  B.  S.,  M.  S.,  Ph.  D.,  1539  Bonlta  Avenue,  Berkeley,  Call- 

Cabl  Owen  Dunbab,  A,  B.,  Ph.  I).,  Instructor  In  Geology.  University  of  Minne- 
sota. Minneapolis,  Minnesota. 

ABTiiiia  Earl  Fath,  A.  B.,  A.  M..  Associate  Geoloclst,  U.  9.  Geological  Survey, 
Washlntrton,  D.  C. 

Hknby  G,  Ferovson,  a,  B..  B.  S.,  A.  M.,  Geologist,  U.  S.  Geokiglcal  Survey, 
Washington,  D.  C. 

Jehhe  Jaues  Gallowat,  A.  B.,  A.  M.,  Ph.  D.,  Instrurtor  In  Paleontology,  Co- 
lumbia University,  New  York  City. 

Ji'LiA  Anna  Gabdneb,  A.  B.,  A.  M.,  Ph.  D.,  U.  S.  Geological  Survey.  Washing- 
ton. D.  C. 

James  Habold  Hance,  B.  S.,  B.  S.  In  Mining  Engineering,  E.  M.,  Ph.  D.,  708 
West  Washington  Boulevard,  Urbana,  llllnolK. 

CnABLes  Joseph  Hares,  B.  S.,  M.  S.,  Geologist,  the  Ohio  Oil  C-ompany,  Casper, 
Wyoming. 

Kexnetr  Conbad  HeaUi,  B.  S..  Associate  Geologist,  U.  S.  Geological  Suney, 
Wasbington,  D.  C 

James  Madison  Hnj,,  S.  B.,  Geologist,  U.  S.  Geological  Survey,  Washington, 
D.  C. 

WiLLiAU  8.  W.  Kew,  B.  8„  M.  S„  Ph.  D.,  Petroleum  Geologist,  U.  S.  Geological 
Survey,  Washington,  D.  C. 

I'ABUMTA  Joaquin  Mauby,  Ph.  B.,  Ph.  D.,  Paleontologist  to  the  BrsKlllan  Geo- 
logical Suriey,  Hastlngs-on-Hudson,  New  York. 

WiLBi'B  AatiiBTEAD  Nelso.i,  B.  S.,  M.  A.,  State  Geologist,  TennesKee  Geuloglcul 
Survey,  Nashville,  Tennessee. 

Joii.'v  JoiLtaTON  O'.Veiix,  B,  Sc,  M.  Sc.,  Ph.  D.,  Geologist,  Geological  Sur\ey 
of  Canada,  Ottawa,  Canada. 

Wailace  E.  Pbatt,  a.  B.,  B,  S.,  A.  M.,  E.  M.,  Chief  Geologist,  Humble  Oil  and 
Refining  Ca,  Houslon,  Texas. 

SiDNET  Powers,  B.  A.,  S.  M.,  M,  A.,  Ph.  I).,  Chief  Geologist.  Amerada  Petro- 
leum Corporation,  Tulsa,  Oklahoma. 

Ralph  Wbbstbb  RicnABne,  A.  B.,  M,  A.,  Consulting  Petroleum  Geologist,  Wash- 
ington, D.  C. 

Klus  Wiixiam  Shi'lkb,  a.  B.,  M.  A..  Ph.  U.,  P^ofeH^M>r  of  Geology,  Southern 
Methodist  University,  Dallas,  Texas. 
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BoBBRT  Bbowmno  Sosman,  B.  Sc,  S.  B.,  Ph.  D.,  Pbj'Blclst,  Gcopbj^lral  LAbon- 

tory.  Washington,  D.  C. 
John  LrrTLEFiKLD  TiI:Ton,  B.  A.,  M.  A.,  West  Virginia  University,  Horgantown, 

West  Virginia. 
BiucB  Wade,  B.  S.,  M.  S.,  Ph.  D.,  Assistant  State  Geologist,  State  Geologltal 

Surrej',  Nashville,  TVnneasee.  • 

Bbbbut  Pebct  Whituick,  C.  R.,  Curator  of  Mineralogy,  American  Muaeum  ul 

Natural  History,  New  Tork  City. 

CHANGES    IK    PCBLICATION    RULES 

AnDouncement  vras  made  that  Council  had  changed  Publication  Rule 
No,  17  to  read:  "Authors  may  be  charged  for  alterations  ('authors'  cor- 
rections')  amounting  to  more  than  ten  per  cent  of  the  original  cost  of 
composition  and  presswork  of  their  papers";  and  had  changed  Publica- 
tion Bule  No.  19  to  road :  "Authors  of  papers  of  more  than  four  printed 
pages  in  length  shall  receive  40  reprints  gratis." 

SUPPORT   OF   THE   OEOLOOICAL   MAGAZINE 

The  Secretary  reported  that  Council  had  voted  to  continue  for  the  year 
1921  its  guarantee  of  forty  subscriptions  to  the  Geological  Magazine  of 
Xiondon,  England,  in  order  to  aeeist  in  maintaining  that  time-honored 
periodical. 

NECBOLOGT 

The  President  announced  that  the  Society  had  lost  but  one  Fellow 
during  the  year  1920,  Joseph  P.  Iddings,  and  he  called  upon  Henry  S. 
Washington  for  an  oral  tribute  to  the  deceased. 

HEH0U1AT.  OF   JOAQUIH   CANniDO   DA  COSTA    SENA 
BT   JOHN    C.    BKAriNIB 

Dr.  J.  C.  da  Costa  Sena  was  bom  in  the  city  of  Concei^ao  do  Serro. 
State  of  Minas  Gemcs,  Brazil,  August  13,  1853,  and  died  at  Bello  Hori- 
zonte,  in  the  same  State,  June  30,  1919.  His  early  education  was  re- 
ceived at  the  Lazarist  College,  at  Caraqa,  in  the  State  of  Minas.  On  the 
completion  of  his  preparatory  studies  he  entered  the  Escola  Poly  tech  nica, 
in  Rio  lie  Janeiro,  but  later  transferred  to  the  Escola  de  Minae,  which 
had  lately  been  established  at  Ouro  Preto,  and  at  which  he  graduated  in 
1880. 

The  School  of  Mines  had  been  established  by  the  Imperial  Govemmeut 
of  Brazil  in  1875,  at  the  famous  old  city  of  Ouro  Preto,  formerly  known 
as  Villa  Rica.  I  can  not  do  better  than  to  quote  from  what  I  have  said 
elsewhere  of  the  institution : 
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'rrbe  cstabliHbnient  by  the  Imperial  Ooveminent  of  the  Dational  Escolu  de 
Ulnos  at  Ouro  Preto  Id  18T5,  and  the  opening  of  that  school  October  12,  1ST6, 
was  a  st^  of  the  greatest  importance,  not  only  for  engineering  education  In 
Braill,  but  also  for  the  advancement  of  the  science  of  geol<^T  In  tbe  State  and 
throughout  the  whole  country. ,  Some  of  BraseU's  ablest  engineers  and,  with 
bnt  few  exceiitiona,  all  of  her  geotoglats  and  mining  engineers  have  been  edu- 
cated at  that  school." ' 

Its  first  director  was  the  distinguished  French  geologist,  Dr.  Henri 
(lorceix,  who  held  that  position  for  sixteen  years  and  started  the  school 
on  its  brilliant  career.  Immediately  upon  graduation  young  Sena  was 
appointed  instructor  in  mineralogy  and  geology  in  the  School  of  Mines, 
aod  in  1885  he  was  made  professor  of  physics  and  chemistry  in  the  same 
institution,  a  position  which  he  held  until  1891.  In  that  year.  Doctor 
Gorceis  retired  as  director  of  the  school  and  Doctor  Costa  Sena  succeeded 
hira,  and  held  that  otBce  until  his  death,  in  1919. 

In  addition  to  his  duties  as  professor  and  director  of  the  School  of 
Mines,  Doctor  Sena  was  a  member  of  the  Constitutional  Assembly  of  the 
State  of  Minas,  and  from  1891  to  1902  he  was  a  member  of  the  State 
•Senate.  In  1898  he  was  elected  Vice-President  of  the  State  of  Minas  for 
four  years,  and  for  some  months  he  acted  as  governor  of  the  State.  In 
1908-1909  he  represented  Brazil  in  the  Pan-American  Congress  in  Chile. 
He  was  a  public-spirited  citizen  as  well  as  a  mineralogist  and  an  educator. 

His  energies  were  devoted  chiefly  to  the  development  of  the  School  of 
Mines,  and  he  succeeded  in  making  it  the  most  important  institution  for 
the  study  of  geology,  mineralogy,  and  mining  engineering  in  that  coun- 
trj'.  It  thus  came  about  that  his  contributions  were  in  the  field  of  educa- 
tional administration  rather  than  in  scientific  research,  and  it  was  in  the 
School  of  Mines  that  he  rendered  his  greatest  service  to  his  country  and 
to  science. 

Mia  published  papers  are  not  numerous  and  consist  chiefly  of  notes 
upon  the  occurrence  of  minerals  in  the  State  of  Minas  Qeraes.  He  was 
more  familiar  with  the  minerals  of  the  region  ahout  Ouro  Preto  than  any 
one  else. 

Dr.  Eugen  Huasak  named  the  mineral  Senaite  in  his  honor. 

BlBLIOORAFHY 

1,  Notlcla  sobre  a  mlneralugin  e  geologla  de  umn  parte  do  Norte  e  Nordejite 

da  Provinda  de  Minas  Geraes.    Aiinaes  da  Bsrola  de  Minas  de  Ouro 
Preto.  1883,  no.  3.  pages  111-131. 

2.  Note  sur  la  scorodlte  Uea  environs  d'Ouro  Preto.     Bui.  Soc.  Mineral,  de 

France,  VII,  218-220.    Paris,  1884. 

■  Bull.  Gml.  Soc.  Am.,  vol.  30,  p.  2G3. 

II— Bill.  Geol.  Sfic,  Au.,  Vou  32,  lOL'O 
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3.  Note  fiur  I'h.vdrargllllte  des  envlronn  d'Oaro  Preto.    Bui,  Soc.  Mineral,  de 

France,  VII,  22^222.    Paris,  1884. 

4.  Notlda  eobre  a  scorodlta  eslsteote  naa  vlelnbangas  do  arralal  de  AatoLio 

Perelra  «  sobr«  a  hydra rglllita  doa  arredores  de  Ouro  Preto.  Amutes 
da  Escola  de  Mlnas,  no.  8,  1884. 

5.  Snr  un  glsement  de  staurotldes  des  environs  d'Ouro  Preto.     Bol.   Soc 

Mineral-  XIIl,  189-192.    Paris,  1890. 
0.  Bloxydo  de  manganes.    Revlsta  Industrial  de  Mlnas  Geraea.    I,  na  3,  67. 

Ouro  Preto,  1BS3. 
T.  Note  sur  un  glsement  d'actonlte  box  euvlrons  d'Ouro  Preto.     Bnl.  Soc. 

Francaise  de  Min«ral.,  XVII,  267-269.    Paris,  1894. 

8.  Nota  sobre  uma  Jaztda  de  stanrotldas  nas  vtslnhangaa  de  Ouro  Preto. 

Annaes  da  BhcoIb  de  Mlnas,  no.  9,  1902;  also  In  tbe  ReWsta  Industrial, 
October  15,  1893. 

9.  ExpoBl?9o  Mlnerologlca  e  Metallur^ca  de  Santiago  de  Chile.   Annexe  no.  T 

do  Relatorlo  Apresentado  ao  Dr.  Presldente  do  Eetado  de  Mlnaa  Geraes 
...  em  o  anno  de  1896,  II,  43  pages,  Ouro  Preto,  1895.  (Contalnif 
not<<s  ou  BrsEtHan  minerals,  ores,  and  rocks.) 

10.  Mtna.s  de  ouro  do  Cybrilo,  Munlclplo  de  Marianna,    Revlsta  Industrial  de 

Mlnas  Geraes,  IV,  no.  22,  276.    Ouro  Preto,  1887. 

11.  Minera<;ilo  dos  arredorea  de  Onro  Preto.     Revlsta  Industrial  de  Ulnns 

Geraes.    Anno  V,  no.  34,  p.  134.    Ouro  Preto,  1897. 

12.  Mineral  resources  of  the  State  of  Mlnae  Geraes,  Braill.    Mining  and  MeUl- 

lurgy,  XXIV,  December  16,  1901,  703-705.    New  York,  1901. 

13.  Nota  sobrc  uma  Jaxida  de  actlnote  na  fazenda  do  BarlBo  etc.    Annaes  da 

Escola  de  Mlnas,  no.  5,  1902. 

14.  Notaa  aobre  ft  cassiterlta  no  Norte  de  Mlnas,  sobre  a  apatlta  e  topazlo 

proveutentes  dos  arredores  de  Fortaleza  e  ctdade  de  Salinas.    Annaes 
da  Escola  de  Mlnas  no.  6,  1903. 
1.1.  The  Tapera  gold  deposit.    BraslUan  Mining  Review,  Hay,  1904. 

16.  Nota  sobre  umn  Jazlda  de  blenda  no  munlclplo  de  Ouro  Preto.  no  Injnir 

denomluado  Morro  do  Bnl*.    Atuiaes  da  Escola  de  Mlnas,  no.  8,  1906. 

17.  Memorla  apresentada  ao  Congresso  Sclentlfico  Latino-Americano.    Annaes 

de  Escola  de  Mtnas,  no.  10,  190a 

15.  MInerlos  de  ferro  no  Brasll,  prlnclpalmente  no  Estado  de  Mlnas.     Con- 

sideragues  geraea  sobre  a  Induslria  do  ferro.  Annaes  da  Escola  do 
Mlnas  de  Ouro  Preto,  no.  10,  1908,  pp.  19-34.    Ouro  Preto  (n.  d.). 

in.  Rreve  noticla  sobre  a  colnmblta  no  Estado  de  Mtnas  Geraes.  Annaes  iIm 
Escola  de  Minns,  no.  11,  1909. 

20.  O  bismutho  em  Mlnas  Geraes.    Auri-Vcrdc.  Ouro  Preto,  July,  1919,  4-5. 

TITLKS    AND  ABSTRACTS  OF   P.VPERS   PRESENTED   BEFORE  THE   MOHJIING 

8ES-SI0N  OF  TUESDAY  AND  DISCUSSIONS  THEREON 

After  tlie  delivery  of  the  memorial  to  Professor  Iddings  the  scientific 
program  was  taken  up  and  the  remainder  of  the  session  devoted  to  tl>e 
consideration  of  reports  showing  the  progre.'is  of  the  work  done  by  the 
Committee  on  -Sedimentation  of  tlie  Division  of  Geology  and  Gcograpliy 
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ot  the  National  Beeearch  Coimcil*duriiig  the  past  year.    The  papers  were 
IE  [ollows : 

aSXBItAL  8TATBllE!fT  OJf  TBS  WORK  OF   THE  COMMITTSB  OS  BSDIIIENTA- 

TIOS,   DIVI8WS   OF  OEOLOOY  IHD    OEOORAPHT,   SATIOHAL 

RB8EARCH  COUSCIL 

BY  T.  WATLAHD  TAUOHAN 

(Abstract) 

Id  openiDg  tbe  symposliun  on  sedltnenUtlOD  It  was  stated  that  the  present 
dItcDssiou  was  a  continuation  of  the  one  held  last  year,  before  the  meetlnK  of 
Ibe  Swiety  at  Boston.  As  a  development  from  the  sugEestlona  made  at  that 
Om,  the  chairmen  of  several  subcommittees  were  appointed  and  the  present 
■frnpodDm  consisted  of  the  reports  of  these  chairmen. 

It  wu  also  stated  that  there  were  at  least  two  defects  In  tbe  present  or- 
Eulutlon  ot  the  work  of  the  committee,  and  that  It  has  hoped  these  mlgbt 
■mn  be  remedied.  One  of  the  defects  Is  that  there  is  not  sufflclently  close 
tlBUttlon  with  those  primarily  engaged  In  tbe  study  of  soils,  and  the  other  Is 
Out  tbe  relations  are  not  so  close  as  they  should  be  with  certain  groups  of 
I     itAi)^.iu,  wtiose  major  efforts  are  devoted  to  economic  work. 

Tbe  tall  reports  of  the  subcommittees  will  form  part  of  the  report  of  the 
chalnDaa  of  the  Committee  on  Sedimentation  to  the  chairman  of  tbe  Dlvlaton 
of  Geology  and  Oeograpby,  National  Research  Council.  AhHtracts  of  tbe  re- 
pots lie  presented  here. 

Presented  in  abstract  from  notee. 

"TXOfeg  OF  SEDIMEXTATIOH  IX  THE  UNIVERBITIES  OF  THE  EASTERN  PART 
OF  TBE  UNITED  STATES 

BT  B.  8.  MOORB 

(Abstract) 

A  saney  of  tbe  colleges  and  universities  east  of  the  Aiieghuny  Mountains 
shosi  tbat  the  problems  of  sedimentation  have  not  been  receiving  the  atten- 
tion wbich  tbey  merit.  It  also  shows  that  many  institutions  tiave  not  fully 
WoTered  from  tbe  disturbing  InQuencea  of  the  war,  but  they  are  gradually 
HUBg  up  again  those  problems  which  are  usually  regarded  as  of  more  strictly 
•fleatific  than  utilitarian  importance.  An  eseellent  spirit  of  cooperation  vritb 
">e  Sstional  Research  Council's  work  on  sedimentation  Is  manifested  in  re- 
plies (o  requests  for  information  regarding  work  under  way,  and  it  is  expected 
ilut  tbe  study  of  numerous  problems  In  sedimentation  will  be  undertaken 
ihrtng  the  coming  year,  partly  on  tbe  initiative  of  men  already  Interested  in 
>oeta  problems  and  partly  at  the  suggestion  of  tbe  Committee  on  Bedtmentation. 


B«ad  from  manuBcript. 
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BY  W.  H.  TWENHOrEL 

(Ahtlract) 

A  pait  ot  the  work  whicb  the  Commtttee  on  Sedlmeutatton  of  the  Natlonil 
HeNearch  Council  lias  outltD«d  for  Itself  la  the  Rtlmulatlon  and  eucouraKemeDi 
of  tiiveetlgiUlon  of  probtemtt  relating  to  sedimeiitx  and  the  derelopment  of 
coarscs  In  the  universities  Id  which  emphasis  would  be  placed  on  the  study  oF 
xedlments.  Data  as  to  the  existing  state  of  affairs  were  colleeted  alMig  two 
Hues,  namely,  the  teaching  of  conreeB  In  sedimentation,  and  research  work 
directly  related  to  problems  of  sedimentation. 

Courses  In  sedimentation  are  given  in  two  universities,  Iowa  and  Wisconsin. 
The  course  In  Wisconsin  U  the  older.  A  course  in  the  prlndples  of  aedimeaU- 
tlon  was  given  at  Mlnneftota  lu  lOlS-1919,  which  appears  to  have  been  dlscoo- 
tinued  with  the  departure  to  another  Institution  of  the  man  who  gave  It 

I'rublems  connected  with  sedimentation  are  being  actively  investigated  In 
lown.  North  Dakota,  MlwMuri.  and  Wisconsin  universities  and  the  Colorado 
School  of  UlueK,  while  research  In  problems  coniieeted  with  sedimentation  are 
being  conducted  lu  most  of  the  other  universities  of  the  Mississippi  Valley. 


Hi'&i]  from  manuscript. 
\ruDiEs  OP  et'o/uf -vr.i  r/oN 


(Abttraci) 

A  brief  Hititempnt  of  recent  research  work  on  sediments  and  sedimentation. 
sI^el^al  courses  offered  lu  these  subjects,  work  planned  for  the  near  future, and 
opi)ort unities  and  suggestions  for  cooperation,  ax  reported  liy  universities  In 
the  western  part  of  the  United  States. 

Presented  without  notes. 

Discuwseti  by  Messrs.  T.  W.  Vaughan,  George  F.  Kay,  C.  K,  Went- 
worth,  E,  B,  Branson,  and  A,  C.  Ijaweon. 

VEHTBD    B¥   STATE 


(Abstract) 

The  paper  contains  statements  from  a  number  of  State  geologists,  suggesting 
various  subjectx  which  It  Is  desirable  should  be  Investigated  in  the  followlag 
Stales:  Florida,  Georgia,  Illinois,  Kenturky,  Maryland,  Michigan,  MlsHlxslppl, 
North  Dakota,  I'ennsylvnnlu,  South  Carolina,  Texas,  West  Virginia,  iind  WIs- 
<-ou»iu. 
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Dismigsing  in  a  few  words  the  report  set  for  presentation  at  this  time, 
Doctor  Udden  presented  the  following  paper,  as  heing  germane  to  the 
topic  auder  discussion : 

VBRONOLOar  IN  GEO LOO Y 
hi  J.  A.  UDDEN 

It  wema  to  me  that  od?  of  the  ImportnDt  almn  In  the  stutly  of  sedlmentetlon 
■honhl  be  to  attain  more  preclxe  Information  on  tlie  relation  l)etween  quantity' 
of  deposits  and  time  represented.  It  has  often  been  stated  In  dlacusstonH  of 
(wloflc  time  that  this  Is  merely  relative,  and  that  the  geologist  can  not  be 
TOOMineil  with  yearn,  centuries,  or  mlllenDia,  as  they  are  counted  In  history. 
NereniKless,  many  attempts  have  been  made  at  estlmatea  of  time  expressed 
b  reira  for  all  the  sediments  that  have  been  measured.  Including  even  sedl- 
uenta  of  pre-Cambrlan  ages.  Some  such  results  have  been  regarded  as  rough 
.  otlimteg  of  the  age  of  the  earth  since  sedlmentatlpn  began.  They  have 
wstlf  been  based  on  two  as  yet  largely  unknown  factors,  the  annual  <|uautity 
of  deposits  brought  down  to  the  sea  by  the  present  rivers  and  the  total  thick- 
nni  of  all  sediments,  the  calculation  consisting  In  dividing  the  larger  factor 
bj  the  smaller.  Lately  It  seems  that  some  Important  observations  liave  been 
made  b}-  the  use  of  a  more  exact  method,  bearing  on  the  duration  uf  the  post- 
Slid>l  deposltB  In  the  Ualtic  r^ons,  and  De  Oeer  has  been  able  to  count  in 
feirs  the  time  elapsed  since  the  glaciers  disappeared  In  Sweden.  Incidental 
10  tbi)  work,  he  has  shown  that  there  la  a  great  variety  In  the  thickness  of 
aaniul  deposits  of  different  kinds  of  material  and  at  different  points  away 
frocD  ibe  source  of  the  sediments.  The  annual  layers  of  the  flpcst  silt  farthest 
»wiT  are  measured  In  millimeters,  while  the  thickness  of  the  annual  layers  of 
ma reer  sediments  closer  to  the  glacial  source  Is  measured  in  decimeters.  lu 
tbe  proilmal  region  of  deposition  the  rate  la  somewhat  like  a  hundred  times 
rwei  than  In  the  distal  reEion. 

Still  more  recently,  In  our  own  country,  Robert  W.  Sayles  has  presented  the 
wsalts  of  studies  on  the  banding  of  glacial  clays  In  New  England,  and  has 
"eiTired  evidence  that  seems  conclusive  of  annual  periodic  vuriatlon  In  sedl- 
'MDUtlon  In  glacial  clays  along  the  Connecticut  River.  He  makes  reference, 
ilso,  io  other  Instances  of  banded  clays  that  appear  to  be  the  result  of  sea- 
^"(ul  variations  In  deposition. 

Bten  if  we  considered  that  this  work  in  correlating  time  with  thickness  of 
wdlmentu  has  as  yet  been  possible  only  in  the  special  case  of  the  latest  sedl- 
■"niU  It  seems  to  me  that  there  is  reason  to  hoi>e  that  a  method  of  measuring 
line  from  the  stratification  of  seillments  may  be  found  to  have  wide  appliea- 

UOD. 

*e  can,  perhaps,  never  expect  to  be  able  to  make  out  layers  representing 
**!*oaal  deposition  In  the  greater  part  of  the  sediments  of  the  past.  Several 
i^lrciuutances  make  this  Impossible.  In  the  first  place,  de[)osltlon  has  been 
Ininnyrted.  Our  unconformities  may  rejtresent  as  much  time  as  onr  sedl- 
wnta  In  the  second  place,  there  must  be  many  shifts  of  an  Irregular  nature 
to  cnirents  carrying  sediments.  These  may  entirely  obliterate  the  annual 
Tirlitluns  conse<juent  on  seasonal  rhythm.    Then  there  Is  the  Important  fact 
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to  conald«t  that  In  many  places  where  eediments  of  the  flneat  texture  are  laid 
down,  tbere  are  anlmala  and  plants  Inhabiting  the  bottom  of  the  sea,  many  of 
which  obtain  their  nourishment  from  organic  material  contained  In  the  slime 
and  mud  of  the  sea.  Where  deposition  Is  slow,  each  aimDal  layer,  by  the 
action  of  these  living  organisms,  will  become  mingled  with  other  layers  in  a 
homogeneous  mass  and  can  no  more  be  measured  separately  than  one  scram- 
bled egg  can  be  separated  from  another. 

But  it  does  not  appear  at  all  unlikely  that  in  the  past,  as  well  as  at  the 
present  time,  there  are  places  where  organisms  only  very  slightly,  or  not  at 
all,  disturb  the  accumnlatlng  sediments.  In  glacial  waters  such  nndoubtedly  ' 
has  been  the  case,  and  this  is  the  reason  why  lamination  In  glacial  clays  re- 
mains Intact  and  trenchant  In  most  sedimentary  rocks,  especially  in  shales 
and  days  throoghout  the  wbole  geological  column,  we  find  that  lamination  is 
of  frequent  occurrence.  We  usually  say  that  all  sedimentary  rocks  are  strati- 
fied. Almost  all  of  these  rocks  show  seams  which  must  represent  Interruptions 
in  deposition.  These  seams  separate  layers,  ledges,  or  strata,  which  them- 
selves represent  time  units  of  relaUvely  uninterrupted  deposition.  The  coarser 
sediments,  on  the  whole,  consist  of  thicker  layers  than  do  the  finer  sediments. 
Instances  are  not  rare  where  we  find  considerable  uniformity  in  the  thickness 
of  layers  tor  certain  formations  or  parts  of  a  formation.  Thus  we  speak  c^ 
thin-bedded  limestone  and  thick-bedded  limestone;  thin-bedded  sandstone  and 
thick-bedded  sandstone.  I  think  we  have  all  noted  the  uniformity  In  bedding 
of  certain  limestones  in  the  Pennsylvanian.  Tbe  Carlinville  lUneatone  In  Illi- 
nois almost  everj-where,  under  soffldent  weathering,  exhibits  a  remarkable 
nnlformity  in  this  reai»ect.  It  conrista  of  layers  measuring  from  two  to  four 
Inches.  Sticb  regular  bedding  occurs  In  the  Canyon  limestone  in  central  Texas 
and  In  the  Permo-Carbonlferous  In  west  Texas.  The  separations  between 
these  layers  are  so  minute  that  they  do  not  always  appear  in  outcrops  whidi 
have  not  been  considerably  weathered.  This  bedding  must  represent  some 
rhythm.  I  believe  it  Is  to  be  accounted  for  by  some  seasonal  or  other  <3clic 
recurrence  of  a  slight  variation  or  interruption  In  the  sedimentary  process. 
In  one  esse  I  have  observed,  in  a  vertical  section  of  about  fifteen  feet,  In  the 
Comancbean  sediments,  a  thrice- recurring  cycle  expressed  in  the  repetltloD  of 
three  different  calcareous  layers  clearly  representing  different  conditions  of 
deposition.  Here  there  appeared  to  be  seen  the  results  of  three  smaller  cycles 
witbin  a  larger  cycle. 

In  looking  over  the  literature  containing  detailed  sections  of  strata,  one  is 
Impressed  with  the  tact  that  very  few  sections,  as  usually  described,  are  aatU- 
clently  minute  In  detail  to  be  taken  as  a  tiasls  for  the  study  of  any  smaller 
cycles  of  sedimentation,  such  as  may  represent  seasonal  variations.  Tbe  pub- 
lished literature  contains  very  little  that  can  be  used  for  such  studies  as  might 
throw  light  on  either  an  annual  rhythm  or  on  any  rhythm  of  commensorately 
longer  cycles.  Observations  for  the  detection  of  any  such  phenomena  most  be 
carried  to  the  minutest  detail  possible.  We  have  here  a  tabula  rota.  Oar 
stratified  rocks  should  be  submitted  to  the  minutest  scrutiny  for  determlnlns 
the  smallest  units  Into  which  tbelr  strata  can  be  divided.  Until  a  great  mass 
of  observations  of  this  sort  can  be  compiled  and  analyzed,  it  would  be  uoviae 
to  either  affirm  or  deny  tbe  existence  of  evidence  which  may  have  a  bearing 
on  tbe  measurement  of  actual  time.    To  me  the  attempt  to  collect  such  dlata. 
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Hems  north  wblle,  even  If  the  ultimate  object  In  view  should  prove  impossible 
toitttliL  Studies  of  this  kind  would,  without  doubt,  result  In  learning  much 
limit  sedimentation  that  we  do  not  now  know.  The  condltionB  under  which 
Mdlmentatlon  takes  place  have  InBnlte  variations.  This  much  we  can  see 
frmii  tlie  great  variety  of  sedimentary  rocks  showing  Inuumerabte  differences. 
mcb  u  In  texture  of  the  clastic  elements,  In  the  size  and  compoaitlou  of  these 
eluwDts,  In  their  mingling  and  sorting,  and  In  their  lamination  and  bedding. 
Ittese  different  characters,  without  any  doubt,  maintain  certain  relations  to 
tach  dUkf.  What  these  relations  are  is  a  subject  concerning  which  we  have, 
u  f«t,  very  little  information. 

So  lar  as  I  know,  the  only  rhythms  that  have  hitherto  been  noted  in  sedi- 
moCaiy  deposits  are  the  diurnal  and  the  seasonal  rhythms.  There  is  at  least 
OK  other  cycle  which  may  be  found  to  appear  in  sediments.  This  Is  the 
ntdie-year  cy<^e  of  the  sun-spot  period.  It  seems  to  be  fairly  well  estab- 
lUwd  that  precipitation  in  the  United  States  is  luHuenced  by  this  cycle  at  the 
pnaeot  time,  and  it  may  very  well  be  thnt  under  certain  general  and  world- 
vide  dlmatic  conditions  the  effect  of  this  period  may  have  been  sufficiently 
nuked  to  become  apparent  occasionally  in  sediments  showing  annual  layers, 
^ild  Buch  be  the  case,  the  appearance  of  this  cycle  would  aid  in  identifying, 
>M  perhaps  also  in  observing,  the  annual  cycle.  May  there  nut  also  be  other 
l»rger  cllniatlc  cycles,  such  aa  cause  variations  that  have  been  observed  In  the 
idTUKes  and  recessions  of  our  continental  glaciers? 

Ererfthing  considered.  It  seems  correct  to  regard  stratification  In  sediments 
u  mirks  of  time.  The  layers  separating  the  ledges  of  limestone,  so  familiar 
Id  tke  quarry,  are  the  most  common  features  of  stratified  rocks.  What  do 
ilKxilgnlfy?  Is  It  likely  that  tliey  are  haphazard  pheuomeun?  I  cannot 
t«Uete  that.  A  closer  study  of  the  details  of  stratification  In  sedimentary 
"■tStl  believe,  can  not  fall  to  give  Important  results  relating  to  more  accurate 
(■Unites  of  geologic  time,  expressed  In  years.  Even  if  we  should  be  able  to 
"taerre  Interpretable  stratification  only  in  scattered  parts  of  the  stratlgrnphlc 
fAmn,  as  seems  most  probable,  we  can  expect  that  these  will  give  us  data 
''"'ilmble  to  those  who  shall  make  a  special  study  of  time  In  geologic  history. 

Discussion 
^t.  A.  C  Lawson  :  It  Is  necessary  to  discriminate  carefully  between  ap- 
parent and  real  rhythm  In  sedimentation.  In  any  effort  to  apply  rhythm  to  the 
"wrare  of  geological  time.  The  radiolarlan  cherts  of  the  coast  ranges  of 
(iHforala  alTord  a  very  flue  example  of  apparent  rhythm  which  Is  very  prob- 
iMf  not  on  expression  of  rhythm  in  the  sedimentary  proceHN.  The  work  of 
^  h.  Davis,  of  the  University  of  California,  has  shown  that  such  an  apparent 
Ajthm  may  be  produced  in  a  lienker  on  the  lalmrntory  table. 

VBEillCAL  ASD  PHYHICAL  RESEARCHES  0\   KEDlME.VTATIny 
BY  BOOEB  O.  WELLS  ' 

(Abstract) 
The  work  of  this  subcommittee  was  carried  on  by  conferences  between  the 
'^(■ilraua  and  individual  members  of  the  committee.     The  Information   ac- 

'IntrodoMd  by  T.  Waylind  Vaughan. 
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quired  shows  that  many  chemical  and  phf  alcal  reeearcbea  have  been  made  and 
are  at  present  being  made  that  have,  or  might  have,  a  bearing  on  problems  in 
sedimentation,  but  relatively  few  investigators  are  actually  applying  the  k- 
sults  to  geological  processes  or  are  making  InvestlgatlonB  of  problems  la  sedi- 
mentation. 

A  list  of  titles  of  papers  based  on  physical  and  chemical  researches  bearing 
on  sedimentation  has  been  prepared  for  papers  that  bave  appeared  during  tlit 
last  year.  Tlie  list  shows  several  classes  of  inTestlgatioDS.  Papers  that  d«- 
Bcritw  sedimentary  deposits  in  more  or  leas  detail  are  prominent.  There  an 
some  iMpers  that  deal  with  methocls  of  analysis  and  measurement  The  be- 
havior of  colloids  affords  a  voluminous  literature,  showing  that  tbls  branch 
of  science  Is  growing  and  that  theories  are  being  tested  and  qualifying  facts 
added  to  first  generalisation.  There  are  also  papers  involving  Ixilany,  soli, 
chemistry,  the  acidity  and  alkalinity  of  waters,  floccnlatlon,  alteration  of  rocks, 
and  dehydration. 

Read  from  manuscript  by  E.  W.  Shaw. 

FIELD  DSaCRIPTIOlf  OF  BEDIJUSXTS 


{Abttract) 

This  is  the  report  ot  a  subcommittee  of  the  Committee  on  SedlmentaUoD  at 
the  National  Research  Council.  The  purpose  of  the  work  of  this  subcommittee, 
which  consists  of  D.  F.  Hewett,  Kirk  Bryan,  and  Marcus  I.  Goldman,  choir 
man,  Is  to  prepare  a  schedule  that  can  be  pasted  in  the  cover  of  a  notebook 
for  use  In  the  description  of  sediments  and  sedimentary  rocks  in  the  field.  Aa 
it  is  impossible  to  include  In  such  a  schedule  all  the  characters  that  might  be 
recognized,  the  aim  has  been  to  list  those  which  are  more  generally  considered 
important  or  which  are  related  to  current  trends  of  Interest  In  the  study  ot 
sedimentary  rocks.  Tlie  compilers  bave  particularly  emphflslced  the  impor- 
tance of  stating  the  results  In  quantitative  terms. 

Presented  from  notes. 

PSKI-ARATION  OF  A   TKEATISE  O.V  SEDIltENTATIO}/ 


(Abntracl) 

The  treatise  In  coune  of  preparation  Is  designed  to  cover  the  range  of 
procesMes  and  phenomena  which  have  to  do  with  the  origin,  transportation. 
<leposltion,  and  solidlQcatlon  of  sediments.  It  la  believed  that  such  a  work 
bBMldea  furnishing -a  convenient  summary  of  what  Is  ut  present  known  regard- 
ing sedimentation  and  the  criteria  for  Interpreting  .sediments,  may  both  stimu- 
late and  guide  future  researches. 

Read  from  maiuincrijit. 
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CAHADIAN  BTVUISa  IN  BSDIMSJiTATIOX 
BT  E.  U.  KINDLE 

Preeented  without  notee. 

At  the  conclusion  of  the  reading  of  the  foregoing  reports  the  more 
general  prt^am  was  taken  up,  beginning  with  the  presentation  of  a 
paper  entitled 

AaaOCIATIOa   of  QLAUCOMTB   with   CUCOyFORMITIBB' 
BY    MABCVa   I.   GOLOUAN 

{Abatract) 

Tbe  Btud]'  of  the  so-called  "Rend  aeries"  of  Texas  (Lower  PennsylvanlAn 
and  UiasitiBlpplQit),  both  In  outcrops  and  In  well  drillings,  brings  out  cleariy 
ttiat  the  more  pronounced  changes  In  lltholc^y  are  marked  by  a  layer  of  au- 
tiwhthononH  glauconlte  at  the  base  of  the  overlying  lithologlc  unit  Autocti- 
thonoos  glauconlte  is  very  little,  or  not  at  all,  developed  In  other  parts  of  this 
iiM-tlon.  The  glauconlte  Is  often  associated  with  phosphate  graaules  or  con- 
(-retloos.  generally  with  unusually  abundant  sulQde,  with  abundant  shells  or 
<'oarse  fragments  of  shells,  and  with  coarse  sand.  Tbe  clearest  instances  of 
this  stratlgraphlc  significance  of  glauconlte  are  at  the  contact  of  the  Missls- 
slpplao  and  the  Ordovlclan  (Elleuburger  limestone),  lu  the  latter  stratl- 
graphlc  position  a  coarse  glauconlte  layer  has  been  found  at  several  points  of 
thewutcrop — in  a  well  120  miles  to  the  north  of  the  outcrop  and  in  two  wells 
111  an  Intermediate  position.  Tbe  occurrence  of  phosphate  at  unconformities 
ha.H  previously  been  noted  by  Cayeuz,  and  its  association  with  glauconlte  was 
recognized.  There  Is  little  doubt  that  glauconlte,  pbosphate,  and  sulfide  are 
all  related  to  the  occurrence  of  organic  matter.  Cayeus  has  pointed  out  that 
under  present  conditions  phoiqihate  associated  witli  glauconlte  forms  where 
warm  surface  currents  meet  cold,  causing  a  destruction  especially  of  plank 
Ionic  and  nectonic  animals ;  but  this  condition  Is  too  local  to  account  for  such 
widespread  layers  as  are  found.  Cayeuz  has  formulated  tbe  indicated  condi- 
tion In  tbe  more  general  term  "rupture  of  (marine)  equilibrium,"  producing 
changes  of  current,  of  deptb,  etcetera.  It  should  not  be  assumed  that  It  Is  tbe 
actual  momentary  change  In  the  environmental  conditions  wblch  causes  most 
of  tbe  destruction  of  life,  but  its  more  x>ermi)nent  effect  In  bringing  Into  con- 
tad  matually  Incompatible  life  environment  a.  If  the  general  fact  of  an  un- 
u.-iual  destruction  of  life  at  unconformities  Is  accepted,  It  Is  slgnillcant  for  the 
puleoDtologtst  as  a  possible  fnclor  In  producing  tbe  dtfTerences  between  suc- 
cessive paleontologic  horizons. 

Presented  in  full  without  notes. 

Remarks  on  Doctor  Goldman's  paper  were  made  by  Doctors  I.  C.  Wiltc 
and  E.  8.  Moore. 

'  I>aI>lliibKl  with  the  prnnhslnD  at  tb«  nir«ctor  of  the  i;.  ft.  C«oloRlcal  Siirvrj. 
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At  13.30  o'clock  the  Society  adjouroed  for  luncheon,  reconvening  at 
2.15  p.  m.  in  two  sections  for  the  reading  of  papers.  Under  the  chair- 
manship  of  Vice-President  George  P.  Merrill  the  following  papers  were 
presented : 

TITLES   AND   ABSTRACTS    OF    PAPERS    PRESENTED   BBFORB   THE    AFTERNOON' 
SESSION  AND  DISCUSSIONS   THERBOlf 

aTXaBSBTIC  ORIOIN  OF  COKCRETIO\B  IS  BBALE 


{AbBtraCt) 

Studies  of  calcareooa  and  Mllceous  concretions  occurring  In  shale  In  the 
Cretaceous  in  Soatb  Dakota,  Wyoming,  Montana,  and  in  tbe  Pennsylvanlan  in 
Missouri  have  led  to  the  conclusion  that  these  concretions  were  formed  con- 
temporaneously with  the  Inclosing  beds.  The  evidence  supporting  this  view  Is 
as  follows:  the  concretions  lying  aloi^  one  bedding  plane,  the  recurrence  of 
bands  of  concretions  at  fairly  regular  Intervals,  the  relationship  of  the  con- 
cretions to  the  bedding  planes,  and  certain  features  of  the  concretions  them- 

DlSCUSSION 

Dr.  Stbfhbn  Tabkk:  A  few  years  ago  I  studied  some  calcareous  concretltHis 
In  shales  near  Union  Springs,  Ca.vuga  County,  New  York.  I  was  struck  by 
the  sympathy  shown  by  many  of  the  concretions  with  respect  to  a  plane  bisect- 
ing them  i^rallel  to  the  bedding.  Where  this  sympathy  la  shown  by  concre- 
tions I  think  that  It  Indicates  their  growth  subsequent  to  the  deposition  of  tlie 
overlying  beds,  for  absence  of  material  on  top  would  make  growth  easier  In 
that  direction  and  subsequently  result  In  unsymmetrlcal  concretions. 

Prof.  Q.  H.  Chadwick  :  Concretions  In  the  upper  Devonian  Portage  shales 
of  western  New  York  sre  arranged  In  definite  planes,  as  described  by  Professor 
Tarr,  but  among  these  are  large  ones,  as  dgured  long  ago  by  James  Hall  in 
his  report  on  the  Geology  of  the  Fourth  District  of  New  Xork,  with  cone-ln- 
coue  structures  constituting  the  upper  and  under  sides  of  the  concretions. 
These  suggest  that  the  concretions  have  grown  subsequently  and  exerted 
pressure  against  the  Inclosed  strata. 

Dr.  SmNEi  FowEBS :  Concretions  of  Impure  limestone  at  the  Butler  salt 
dome,  in  Texas,  described  In  the  American  Journal  of  Science,  1920,  show  re- 
placement by  iron  carbonate  which  has  caused  the  development  of  cone-ln-coiie 
structure.  This  structure  distorts  and  destroya  the  fossils  in  the  concretions. 
The  concretions  were  evidently  formed  contemporaneously  with  sedimentation. 

Prof.  R.  D.  Sausbubx  :  Certain  calcareous  concretions  In  shale  about  wblch 
laminfe  bend  appear  to  be  syngenettc.  These  concretions  appear  to  have  grown 
In  a  shale  and  to  have  bent  lamlnie  up  above  themselves  and  down  beneath. 
In  these  cases  laminte  are  greatly  thinned  above  the  highest  part  of  the  con- 
cretions and  below  the  lowext,  while  at  the  slilew  of  the  concretion  between  the 
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bwt  lamloff  there  ia  evldeoce  of  a  ispace  filled  in,  the  filling  showing  lamlnie. 
I^mliis  beat  about  a  concretion  hereby  seem  to  prove  Byngenetlc  origin. 

Prot  A.  C.  IiAWsoN :  It  Is  probable  that  in  cases  where  cone-in-cone  struc- 
ture U  coDfltied  to  a  particular  i>ed  of  wide  extent  the  stmcture  is  due  to  the 
ettxpe  of  gas  from  decaying  organic  matter  t»eneath  the  layer  In  question  be- 
fore Its  coDMlldatlon,  when  It  waB  in  a  more  or  ieaa  viscous  or  pasty  condition. 

Dr.  B.  S.  WASHiNGTon :  In  connection  with  the  formation  of  cone-ln-conc 
umcture,  attention  may  be  called  to  the  occurrence  of  concentric  thinning 
splierical  shells  (saucers)  beneath  l>omt)s  that  had  fallen  In  the  tuffs  of  oue 
of  the  volvauoes.  Their  origin  may  be  assigned,  somewhat  doubtfully,  to  tlie 
prvsaore  produced  by  the  Impact  of  the  bomb. 

Prof  W.  A.  Tabs:  Cone-ln-ooue  occurs  on  the  upper  and  more  rarely  on  the 
toner  siile  of  the  concretions  which  occur  in  the  Mawry  member  of  the  Graneros 
Ehale.  In  tIew  of  the  horizontal  stratification  tines  in  these  concretions  which 
«re  discontinuous  with  those  around  the  concretions,  it  seems  doubtful  that 
tbe  cone-lD-cone  was  developed  by  pressure.  Recent  studies  by  the  writer,  as 
nell  u  published  views,  raise  \he  question  of  origin  of  the  coue-in-cone.  The  • 
old  Tiew,  tliat  they  were  due  to  pressure,  may  l»e  questioned  aud  the  origin  of 
cone-lii-cone  by  crystallization  be  the  actual  case.  In  this  particular  case  cer- 
\iMs  Che  concretion  was  ayngenetlc  and  therefore  the  cone-in-cone  not  dne  to 
twmm. 

Read  from  manuscript. 

The  paper  was  discussed  by  Messrs.  Steplieu  Taber,  G.  H.  Chadwick, 
W.  H.  Twenhofel,  Sidney  Powers,  R.  D.  Salisbury,  A.  C.  Lawson,  W.  H. 

Bufhet,  and  H.  S.  Washington. 

'UXDSOP  IUFRBB8I0X8  AND  MARKS  OF  SOilElTHAT  SIMILAR  APPEARANCE 
BY  W.  H.  rWENHOFCL 

Read  from  manuscript 

Discussion 

Dr.  H.  S.  Washikoton  remarlied  on  the  globules  of  volcanic  dust  produced 
'f  nia  descending  through  the  eruption  cloud  of  the  1790  explosive  outbrealt 
otSilaaea,  Hawaii,  and  preserved  in  the  ash. 

^-  E,  o.  HovET  cited  the  similar  abundant  globules  formed  during  the  ex- 
pl«l«  emptioD  of  Mount  Peie,  Martinique,  In  1902, 

BTRUCTVRAL  FEATURES  OF  INDIANA 


Tbt  oQtstandlne  structural  features  of  Indiana  may  be  enumernted  under 
Ot  following  beads : 


''o'toduwd  b7  Ellaivortb  lIuDtlngtan. 
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1.  The  Northern  BaBin. 

2.  The  Southwestern  Basin. 

3.  The  Ordovlclau-Sllurinn  Arch. 

4.  The  Mlsslssipplan  Rift  Kuue. 

Nurtbern  Basin :  Considering  the  Silurian  as  the  floor  of  the  basin,  it  Is 
occupied  by  about  400  feet  of  Devonian,  MlsNlssiiiplan,  aud  FlelKtocene  de- 
posits. 

Southwestern  Basin  :  Onitaliis'  Devonian,  MIsslsalpptan.  Pennsf  iTanlan,  and 
Pleistocene  rocks  measuring  a  total  thlckuetts  of  2.500  feet. 

Onlovlclan- Silurian  Arch:  Separates  the  two  basins;  Is  a  northward  exten- 
sion of  the  Cluclnnntl  Arch ;  beilruck  surface  of  the  arch  composed  of  Ordo- 
vlclan  and  Silurian  strata,  the  former  lu  the  southeastern  aud  the  latter  in 
the  central  and  nortliwesteru  parts  of  the  State. 

Mlsslaslpplau  Rift  Zone ;  Lies  on  the  southwest  side  of  the  arch  and  roughtj 
parallels  It ;  in  a  general  way  follows  the  western  border  of  the  outcrop  of  tb^^^ 
Knobstoue  (Keokuk)  division  of  the  Mlaslsslppian ;  Is  characterised  by  severs       t 
structural  features,  namel.v,  Mount  Carmel  Fault,  Heltonvllle  I<^ult,  Deunlsto^Kn 
Anticlinal. 

Mount  Carmel  Fault :  Probably  extends  from  the  Ohio  River  north  west  war  ^lJ 
to  the  Illinols-Iudlana  boundary:  amount  of  throw,  300  feet;  direction,  eaar  x 
and  norlh;  evidence  of  two  periods  of  movement. 

Heltonvllle  Fault :  Minor  dlspliicement  one  mile  west  of  the  Mount  Carm^^^ 
Fault  at  Heltonvllle;  parallel  with  the  major  fault;  Warsaw  faulted  agalnf^'' 
Keokuk ;  may  pass  Into  the  Mount  Carmel  Fault  nud  Into  the  Dennlston  Anttf^  ' 
ctlnal  Strnetnre. 

Denniston  Antlellnnl :  Produced  by  downthrow  of  southwestward  dlppln^^ 
strata  towanl  the  east  and  north ;  characterized  by  a  short,  steeply  dip)>in^^ 
limb  toward  the  fault  and  a  mure  gradual  dip  on  the  longer  opposite  limb. 

Discussion 

Prof.  W.  U.  HoFm.s:  The  (jljicliil  jintU'jd.mes  to  which  Mr.  VMier  has  re- 
feired  must,  duiln;;  spccljil  plju'lal  [HTliids.  lie  enormously  liicreaned  In  vigor. 
As  I  iLiive  already  sluiwii.  sucb  great  llxed  wliirlM  in  the  atmosphere  constitute 
iin  essential  jiart  of  the  cl renin (oiy  system.  They  are  wlmlpoles  of  the  earth. 
which  gather  In  and  jjull  liiiwii  tile  uiijier  currents  iif  the  atmosphere,  bringing 
them  to  tlie  surfacf  and  i-eluniln>;  tlicm  i'cinator«Hrd.  Any  hicrease  in  their 
vlirnr  will,  therefore.  aci'Mtuute  the  Jional  ci.Mtr.ist. 


A  description  of  the  coral  reefs  of  the  isliinci  nt  Tnruiln.  American  Samoa, 
and  their  bearing  on  the  various  theories  which  hiive  l>een  advanced  In  ex- 
planation of  barrier  reefs  and  atnlLs. 

The  Island  of  Tulullu  Is  liordei-ed  liy  ii  suhmerged  shelf  whiih  has  nn  average 
width  of  about  two  and  oiic-lialf  nilles.     Ni>ar  the  outer  mnrgln  of  this  shelf  la 


t.Goo'^lc 


ABSTRACTS    OF    PAPERS  'ZW 

un  uti)  barrier  reef  now  lying  beueatb  some  thirty  fntbouis  of  wat«r.  Deeper 
WHtpr  Ilea  between  It  en^  the  shore.  The  c^rltli^l  gueHtioii  1m  whether  the  bar- 
rier reef  has  been  built  up  from  the  original  sloping  sides  of  the  volcanic  Island 
hf  the  accumulation  of  great  thlckue^MS  of  coral  material,  or  whetlier  the 
ciirsl  Rtruclure  Is  a  much  thinner  veneering  built  on  a  wave-cut  platform. 
Tutnlla  8eems  to  declare  In  favor  of  the  plfttfonn.  Since  the  shelf  was  cut 
niKl  the  barrier  reef  formed,  the  Irdiiud  has  sulinlded  relative  to  the  sea,  drown- 
ing the  corals  of  the  old  reefs.  More  recently  still  there  has  been  a  movement 
of  the  strand-line  In  the  opposite  direction,  as  evidenced  by  a  liencli  ten  feet 
aliove  higb  tide  on  nearly  all  the  promontories  of  the  island.  A  fringing  reef 
Is  now  growing  out  from  the  shores  Just  below  preneiit  sealevel. 

Preaentod  without  the  use  of  notes. 
Discussed  by  Dr.  T.  Way] and  Vaughan. 

«'»MB  GBOLoaiC  FBATVKKS  Of  IHB  BEAttTOOTH  yOVSTAIXB.  UOSTAHA 


(AD«tracl) 

This  luiper  is  a  preliminary  report  on  the  Mlient  geoloRic  features  of  the 
Ilcartooth  Mountains,  which  form  the  fh^nt  rnnge  of  tbe  Rocky  Mountains  In 
.southern  Montana  and  northwestern  Wyoming.  The  most  striking  physio- 
graphic featnren  are  (1)  the  abiiipt  rise  of  the  range  from  the  Great  Plains 
at  an  elevation  of  approximately  6,001)  feet  to  an  even  rim  at  about  9,000  to 
«,500  feet;  (2)  a  moderately  dissected  sub-summit  plateati  several  miles  wide, 
that  extends  nearly  the  full  length  of  the  range;  and  (3)  distinct  remnants 
of  a  summit  plateau  at  an  elevation  of  about  12,400  feet.  Granite  Peak,  which, 
at  12,850  feet.  Is  the  highest  mountain  In  Montana,  has  a  nearly  flat  summit 
MiRt  pnibably  Is  b  similar  remnant 

Nearly  all  tbe  valleys  on  tbe  plalnsward  slope  have  been  severely  glaciated 
during  at  least  two  distinct  epochs.  An  extensive  ice-cap  occupied  a  conalder- 
atile  portion  of  the  western  slope,  from  which  several  lobes  passed  across  the 
axial  divide  and  down  the  valleys  to  the  bordering  plains  on  the  east  The 
rii-bs  of  the  range  consist  of  a  pre-Cambrian  cry.Htalline  core  which  is  sur- 
riiujided  hy  un  a[>|iarently  conforniahle  series  of  sedlmentarles  that  range  In 
age  from  the  Middle  Oambrlnn  to  the  early  Eocene  (Fort  Union).  The  Silu- 
rian Kystem  only  is  absent.  The  columnar  sections  for  northern  Wyoming  and 
wiuthern  Montana  can  be  harmonized  in  this  range,  as  the  formations  of  both 
areas  meet  along  Its  eastern  base. 

The  range  Is  structurally  an  asymmetric  anticline  that  is  overturned  toward 
llie  plalnK.  It  Is  bounded  along  nearly  the  entire  eastern  front  by  the  Bear- 
tiioth  fault,  which  Is  a  profound  overthrust.  This  fault  Is  probably  the  north- 
ward extension  of  the  Heart  Mountain  overthrust  of  nortbwei^tern  Wyoming. 
Other  fault!*,  about  which  little  Is  yet  known,  are  present  along  the  western 
base  of  the  range. 


Read  from  manuscript 
■  Intrgducm  b;  It.  T.  Cbamlierlla. 
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EVOLUTIOH  OF  ARCVXTB  MOUKTAINB 
BT  W.  H.  HOBBB 

(Aba  tract) 

Following  Suefls,  It  has  be«n  &  general  practice  to  regard  the  folds  within 
mouDtnln  arcH  as  overthruRt  outward  from  within  the  arc  In  1912  the  writer. 
In  a  tierles  of  three  papers  which  appeared  In  the  Journal  of  Geology,  showed 
that  the  mechanics  of  the  folding  process  In  rocks  requires  that  the  folds  be 
nnderthmst  from  without  Inward,  and  that  thla  la  borne  out  hy  the  chamcter 
of  the  deformation  within  the  folded  strata. 

Since  the  area  are  convex  toward  the  oceana,  thla  requires  that  the  active 
force  which  produced  the  folding  be  exerted  from  the  sea  toward  the  land- 
not  from  the  land  area  toward  the  surrounding  seas.  The  study  Is  here  ei- 
tended  to  a  consideration  of  the  relationship  of  each  mountain  range  to  tbe 
sea  on  the  border  of  which  It  was  pushed  up.  Many  of  the  serious  difficulties 
which  Suess  encountered  In  attempting  to  flt  bis  theory  to  obserred  fads 
when  regarding  the  seaward  slide  of  the  land-masses  now  disappear  com- 
pletely. The  problem  Is  further  greatly  slmpllfled  for  the  reason  that  we  can 
delimit  the  areas  covered  by  former  seas  through  mapping  their  deposit'', 
whereas  former  land-masses  have  often  left  little  trace  of  their  existence 
beyond  the  mass  of  their  migrated  deposits. 

Presented  without  manuecript. 

Discussion 

Prof.  A.  C.  Lawson  :  I  am  glad  that  Mr.  Hobbs  is  pursuing  bis  studies  of 
the  origin  of  arcuate  mountains.  I  am  Inclined  to  agree  with  him  that  under, 
thrusting  is  far  more  common  than  orerth rusting.  The  Important  thing  for 
geoli^y,  from  a  general  point  of  view,  Is  the  cause  of  this  underthmsting  or 
the  force  which  operates  to  produce  It.  According  to  Mr.  Hobbs,  this  cause  Is 
to  be  found,  In  the  case  of  the  arcuate  mountains  of  Asia,  In  the  collapM  of 
the  Pacific  arc  and  the  consequent  thrust  from  the  deepening  oceanic  basin 
toward  the  continent.  I  do  not  believe  that  this  Is  the  cause.  Even  If  the 
Padflc  arc  were  to  collapse,  as  suggested,  the  lorce  could  not  be  propaitated 
for  such  long  distances.  The  crust  would  be  sheared  Infinitely  t)efore  the 
elTect  of  tbe  thrust  could  be  felt  In  Asia.  We  must  recognize  another  fortv 
applied  to  the  under  side  of  tbe  crust,  a  subcrustal  current  whieh  carries  the 
crust  with  U,  creating  strains  which  find  expression  In  the  arcuate  mountains. 
What,  then.  Is  the  cause  of  this  suhcrustal  current?  It  ts  to  be  found  In  the 
apiillcatlou  of  the  principle  of  l«o«tany.  If  a  continental  region  la  subjected 
to  erosion,  the  load  Is  transferretl  seaward.  Compensation  Is  effected  by  a 
subcrustal  flow  from  the  region  of  loading  to  tbe  region  of  degradation.  ThU 
current  carries  the  crust  with  It.  and  the  newly  deposited  sediments  are  folded 
when  they  are  crowded  against  the  passive  region  toward  which  the  current 
Is  flowing.  This  process  is  repeated  from  age  to  age.  giving  us  the  sequence  of 
arcuate  mountains  from  north  to  south,  growing  seaward  by  undertbrust  from 
the  early  Paleozoic  to  the  late  Tertiary. 
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Prof.  B.  WiLus:  Tbe  mechaDlcs  of  OTerthrustlDg  and  undertbrustlng  are 
determined  by  local  conditions,  among  wblch  tbe  relative  vertical  posrltlons  of 
active  pressure  and  passive  resistance  are  most  Influential.  If  the  line  of 
prMsnre  be  directed  almve  the  resistance,  we  hare  overthnist.  If  the  pi-essure 
be  directed  under  the  resistance,  we  have  underthrust.  In  general,  I  dissent 
froni  the  author's  conclusions  as  to  the  relative  position  of  pressure  and  re- 
stetance  In  the  cases  cited  by  him.  What  be  calls  pressure  I  would  call  resist- 
ance, and  vice  verta. 

Dr.  Stephen  Tabcr:  Professor  Hobbs  has  referred  to  the  destruction  of 
hrldges  during  earthquakes  because  of  the  approach  of  their  abutments  as 
proof  of  the  crustal  shortening  of  the  earth.  I  have  examined  quite  a  number 
of  bridges  damaged  and  destroyed  by  earthquakes.  In  all  cases  when  there 
iras  an  approach  of  the  Bbutnient.>),  It  could  be  explained  as  the  result  of  tbe 
Blnmping  of  superficial  material  on  wblcli  the  abutments  bad  been  bnilL  Abut- 
ments built  on  solid  rock  are  not  permanently  displaced  toward  one  another, 
altbough  tbe  bridge  trusses  sometimes  bammer  against  the  stones  in  the  abut- 
Dimits  until  tbe  rock  is  pulverized.  Evidence  of  slumping  Is  often  furnished 
hj  the  formation,  farther  back,  of  creeks  running  parallel  to  tbe  streams. 

Prof.  W.  H.  Hobbs  :  I  have  elsewhere  shown  how  tbe  drawing  together  of 
tbe  piers  of  bridges  Is  usually  on  loose  soil  and  explained  It  by  a  localisation 
of  tbe  slipping  of  the  loose  formations  over  the  hard  rocks.  The  Assuring 
along  river  banks  is  a  practically  unlfonn  observation  in  regions  affected  by 
earthquakes,  but  it  does  not  Indicate  tension.  It  is  purely  a  result  of  shocks 
which  throw  off  layers  of  earth  of  tbe  banks,  just  as  the  last  of  a  series  of 
boys  In  line  is  thrown  off  when  tbe  line  is  pushed. 


Ubstract) 

Following  the  snggestlon  of  Suesa,  a  comparlsou  is  made  of  the  patterns  of 
niHP^nal  moraines  of  continental  Ice-sbeets  and  the  marginal  chains  of  Ter- 
tiary fold -mount  a  ins  marking  the  southern  periphery  of  the  Eurasian  conti- 
nental crust  sheet  Certain  similarities  of  arcuate  and  lobate  forms  seen  In 
the  marginal  structures  of  both  Ice  and  crustal  sheets  are  very  striking,  and 
It  Is  pointed  out  that,  in  spite  of  the  wide  differences  in  tbe  general  cfaaracter- 
IxilcM,  composition,  and  physical  properties  of  Ice  and  rock,  these  closely  sim- 
ilar marginal  forms  and  their  relations  to  the  sheets  of  which  tbey  form 
marginal  parts  prove  that  both  ice  and  rock  sheets  move  In  conformity  to  the 
.■uime  law.  and  that  tbcy  bebave  alike  when  they  find  'uuot>8tructed  channels 
of  easy  flow.  Tbe  arcs  and  lobes  of  the  Tertiary  peripheral  mountain  ranges 
of  Eurasia,  especially  in  tbe  Interval  between  the  Pbllippines  and  Gibraltar, 
eihiblt  a  striking  uniformity  of  strength  and  Intensity  or  development  along 
the  whole  interval,  and  in  general,  wherever  there  is  exceptional  development, 
either  In  greater  or  less  strength  than  the  average,  there  is  an  evident  reason 
for  It.  This  means  general  southward  crustal  movement  toward  the  folded 
margin. 
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Certain  gealogtsts  have  laid  a  criticism  agelost  Suess,  claiming  that  biK 
mecbanlcM  of  the  productlou  of  the  mountain  area  Is  at  fault,  in  that  tlie 
crustal  matprlal  from  which  Sneaa  derlvca  the  fold-mountains  of  a  given  arc 
are  supposed  to  have  moved  outward  from  the  relatively  small  area  wlttln 
the  arc,  moving  from  a  center  tovard  three  aides.  This  point  Is  discussed  la 
the  paper,  and  it  Is  made  cipar.  In  SueBs's  own  words,  that  this  Is  not  bis  con- 
ception of  the  mechanics  of  the  mountain  arcs.  The  mechanics  of  mountain 
arcN  and  lobeH,  under  Suestt's  lutenn^tatlon  of  these  forms,  is  set  forth  brleflj' 
and  the  dependence  of  these  Ideax  on  Sucnk's  broader  views  of  crustal  mor<y 
ments  on  continental  scales  Ik  dlHCUssed.  A  number  of  examples  of  partlculir 
mountain  forms  which  strongly  support  Suess's  Interpretation  are  oonsldemi 
In  their  bearing  on  the  general  problem  of  tbe  origin  of  the  earth's  prlndptl 
features. 

Presented  bj  title  in  the  absence  of  the  author. 

VOCTHIh'B  OF  THJ?  ZONE  OF  FLOW  CHALLESQEO 
BY  W.  H.  HOBBB 

(Abstract) 

Tlie  idea  of  a  sune  of  flow  within  the  lithospbere,  a  doctrine  which  was  de- 
veloped b7  Van  Hise,  requires  (or  the  process  of  rock  folding  that  the  strali 
Involved  shall  support  a  load  which  is  equal  to  or  greater  than  their  crushiDg 
strength.  This  doctrine  seems  to  hare  been  generally  accepted  by  geologlFlK, 
though  correction  of  tbe  figures  for  crusblng  stivngtb  have  been  made  so  as  la 
apply  to  hydrostatic  conditions  and  have  carried  the  depth  of  the  upper  limit 
of  the  lone  of  flow  to  several  times  that  which  was  estimated  by  Van  Hise. 

When  this  doctrine  is  applied  to  the  explanation  of  an  angular  unconformit}!, 
vertical  dlsiilacements  of  strata  became  necessary  which  have  magnitude 
great  enough  to  carry  the  interpretation  perilously  close  to  an  absurdit.v. 
UeiLHons  are  given  for  bellei'lng  that  the  element  of  time  has  not  been  Klven 
sutfli-'lent  weight  In  reachlog  the  conclusions,  and  recent  work  in  tbe  Pacific  i< 
cited  to  show  that  folds  are  today  actually  takiug  place  at  and  above  tbe 
present  level  of  tbe  sea. 

Presented  without  manuscript. 

CRV^TAL  DEFOHMATION  IS   THE  PACIFIC   AXD   ATLA\TIC  ItEQIOXB 


(Abltract) 

The  recent  study  of  earibquakes  from  remote  stations  has  proven  conclu- 
sively that  the  larger  movements  of  the  earth's  crust  which  are  now  going  on 
have  taken  place  neur,  though  largely  Inside,  the  borders  of  tbe  Paclflc  Ocean, 
though  there  Is  a  strong  subordlniite  zone  Which  follows  the  twin  plane  of  tite 
Intercontinental  seas,  thus  conforming  qutle  closely  in  direction  with  the  floors 
of  deposition  for  the  Mesozuic  era.  Outside  these  zones  the  llttu>tq>here  sur- 
face may  Iw  descrll)ed  liy  contrast  as  in  reiHise.  The  contrasted  conditions  for 
tlic  .Atlantic  and  I'aclflc  regions  are  therefore  striking. 
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Tbi  procesa  of  marine  degradatloo  which  shapea  the  cootlnental  shelf,  and 
ia  cue  of  rapid  uplift  ylelda  coast  terraces,  81^lplle9  us  with  a  measure  for 
Ok  nte  of  crastal  deformation.  Wberever  uplift  goes  on  slowljr,  as  It  does 
ibonC  tbe  margins  of  the  Atlantic,  the  treads  of  the  coast  terraces  are  found 
to  be  both  broad  and  elaborately  eroded  by  stream  action  and  the  average 
uKle  of  the  terraces  Is  small.  Cuestas  may  be  developed.  Wherever,  on  the 
nntnry,  npllft  is  going  on  rapidly,  as  it  Is  on  the  boilers  of  the  Pacific  area, 
Ibe  tiMds  of  coast  terraces  are  narrow  and  the  risers  relatively  high,  the 
nufice  of  the  treads  Is  smooth  aod  but  slightly  alTected  by  river  erosion,  and 
tbe  iierage  angle  of  the  terrace  series  will  be  correspondingly  large. 

Presented  by  title  at  the  request  of  the  author. 


BY    HARRY   FIKLDINO    BEID 

{Abstract) 

Nonnul  faults  can  not  be  formed  by  tension.  Vertical  forces  are  necessary. 
tod  In  ^Dcral,  when  the  dip  Is  high,  horizontal  pressure  must  exist. 

Tbe  forces  elevating  mountain  ranges  must  be  distinguished  froui  the  horl- 
■inui  Forces  causing  folding.  It  cau  be  shown  that  many  of  our  present 
""laitaln  ranges  owe  their  elevation  to  vertical  forces, 

Sead  b;  E.  B.  Mathews  in  the  absence  of  the  author. 


(Abstract) 

['sder  the  law  of  cooling  for  a  molten  globe  which  would  cool  at  a  progress- 
Irelr  dlnlnlfihlDg  rate,  aud  of  contraction  which  would  also  follow  cooling  at 
*  pn^resstvely  dimlnlsbing  rate,  folding  of  tlie  earth's  crust  and  mountaln- 
maklDg  would  go  ou  at  a  doubly  or  compounded  dlmlulshlng  rate.    The  amount 
I     of  cmslal  shortening  needed  to  account  for  the  Tertiary  mountain  belt  would 
iwinire  a  great  accumulation  of  crustal  stresses  over  a  very  long  time.    But 
tb«  rocks  of  the  crust  show  clearly  by  fold-mountains  that  tbey  are  incompe- 
tent to  Huntaln  such  accumulations.     Huroninn  tlllltc  In  Canada  indicates  a 
rrJstirely  cold  state,  like  the  present,  as  existing  at  that  early  time,  so  that 
tbe  amount  of  cooling  In  the  two  or  three  geological  ages  preceding  the  Ter- 
tfary  can  not  have  been  as  great  as  In  the  ages  preceding  the  Huronian.    It  Is 
to  be.  couMldered,  further,  that  several  mountain -ma  king  periods  since  tbe 
BuroniaD  have  probably  relieved  most  of  tbe  stresses  produced  In  that  time, 
so  that  the  required  amount  of  accumulation  for  the  Tertiary  mountain  belt 
was  impossible. 

The  Tertiary  mountain  belt  shows  a  world-wide  cause  which  can  only  be 
aacrllted  to  an  astronomical  force.  A  capture  theory  for  the  origin  of  satellites 
was  proposed  some  years  ago  by  two  or  three  dllTerent  authors.    A  newly  cap- 
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tureil  Natelllte,  efipeclallj  If  It  were  a  relatively  large  one,  woald  make  »t 
Immediate  chaQge  In  the  equilibrium  ol  ttie  globe.  It  would  set  up  new  stresw' 
of  world-wide  cbaracter  end  would  Increase  the  degree  of  oblatenesa  of  tl* 
eartb'a  figure.  In  order  to  explain  displaced  Htrand-linen,  Subrr  pOHtnlatex  i 
recent  rbange  of  the  figure  of  the  sea  from  a  less  degree  to  a  greater  degm 
of  oblatencss.  The  same  force  would  act  on  the  solid  globe  and  set  up  aet 
KtreRses  In  It.  The  unlUf  of  the  Tertiary  mountain  belt,  extending  around  the 
whole  eartb,  requires  a  cause  beginning  with  relatlTe  suddenness  and  witlj 
powerful  world-wide  action  and  to  continue  for  a  long  time.  The  capture  of  a 
large  satellite  about  at  the  beginning  of  the  Tertiary  would  explain  the  farts 
as  no  other  hypothesis  yet  suggested  can. 

Presented  by  title  in  the  absence  of  the  author. 

AS  OKiaiS  OF  CRYSTiLLISE  HCHtSTB 
BT  I'HABTJUt  B.  REYES 

(AhHTact) 

roucprnlng  the  genesis  of  the  crystalline  schists,  It  Is  commonly  regar<lfii 
that  It  Ih  the  direct  result  of  Intense  compression,  aided  by  new  chemical  n- 
actions  and  recrystalllzatlon  along  closely  parallel  lines.  On  a  small  scale  Ibe 
Slime  foliation  takes  place  along  shear  planes.  For  the  larger  scale,  where 
great  mountain  ranges  and  cordtlleras  are  involved,  there  seems  to  be  anotlm 
Interpretation.  A  belt  of  sedimentary  or  igneous  rocks  simply  sinks  down 
Into  the  zone  of  rock  flowage.    On  its  return  to  sky  It  comes  back  schist 

The  central  ma»»if  at  the  southern  Rocky  Mountains  appears  to  reflert 
clearly  such  conditions.  No  less  than  four  times  since  the  close  of  the  Pal^o- 
Eolc  era  do  the  present  surface  rocks  of  the  area  seem  to  have  been  depressed 
Into  the  zone  of  rock  flowage.  As  In  the  Piedmont  Plateau  of  the  Middle  At- 
lantic slope  the  old  PaleoEoics  and  pre-Cambrlan  sediments  are  «±anged  orer 
into  massive  schists.  But  these  schists.  Instead  of  being  the  most  eodeol 
rocks  of  which  we  have  knowledge,  as  was  not  so  very  long  ago  believed,  are 
in  all  probability  post- Paleozoic  In  date  of  formation. 

Presented  by  title  in  the  absence  of  the  author. 


SECTIONAL   MEETINQ 


The  section  which  met  at  2.10  o'clock,  Tuesday  afternoon,  for  the  oin- 
Kideration  of  stratigraphie  and  related  topics,  convened  in  Roseuwald 
Hall,  under  the  chairmanship  of  President  I.  C.  White,  with  R,  S.  Bassier 
serving  as  socrotar>\    The  first  paper  on  the  program  was 


DEVOSIAS  OF  msi 


I  Abstract) 
Atiout  1.200  S(|unre  milen  of  southern  Minnesota  are  known  ti 
lievontaii  deposits.     Limestone  boulders  carrying  a 
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ure  occanlonally  found  over  a  large  area  In  tUe  south  central  part  of  the  State 
and  indicate  tliat  tltere  may  be  Devonian  outliers  beneath  the  drift  covering 
at  some  distance  from  wliat  appears  to  be  ttie  main  body  of  the  deposit. 

The  Minnesota  Devonian  consieta  chieti.v  of  limeRtonc,  much  of  which  is 
abundantly  fosslUferous.  It  probably  all  belongs  in  the  formation  known  In 
Iowa  as  tlie  Cedar  Valley  limestone. 

Read  from  manuscript. 

DiKcusston  was  postponed  till  after  the  reading  of  the  next  paper,  en- 
titled 

DEVONIAn  OF  UI880VRI 
BY  IE.  B.  BRANSON 

(Abstract) 

Tbe  Devonian  of  northern  Mlsaouri  contains  the  following  formations : 
Cooper  limestone,  Minneola  limestone,  Calloway  limestone,  Snyder  Creek  shale. 
The  Cooper  and  Minneola  are  Middle  Devonian  in  age.  The  fauna  of  the 
Minneola  resembles  that  of  tbe  JeffersonTllle  limestone  of  Indiana  and  tbe 
(irand  Tower  of  southeastern  Missouri.  It  also  contains  several  species  com- 
mon to  the  Devonian  of  Iowa.  The  Cooper  and  Minneola  seas  were  4n  pert 
<MDtemporaneoas,  but  the  Cooper  sea  withdrew  before  the  close  of  Hlnneola 
time,  and  the  Minneola  spread  so  as  to  overlap  part  of  the  Cooper.  The  west- 
ern traundarj-  of  the  Minneola  sea  was  about  20  miles  east  of  Columbia,  Mis- 
souri, and  the  southern  boundary  stretched  from  north  of  Saint  Louis  to  the 
SIlssoDri  nortb  of  Columbia. 

Presented  without  manuscript. 

These  two  papers  were  discussed  by  Messrs.  E.  M.  Kindle,  A.  F. 
Foerste,  A.  0.  Thomas,  David  White,  E.  C.  Moore,  C.  R.  Stauffer,  D.  W. 
OHem,  I.  C.  ttTiit*,  and  E.  B.  Branson. 

aOilB  8TRVCTURAL  FBiTVRES  OF  INDIANA 


Presented  without  notes. 

Doctor  Logan's  paper  was  discussed  by  Messrs.  G.  H.  Chadwick,  D.  W. 
OHcrn,  Stuart  Weller,  and  J.  H.  Brctz. 

yiCHOLASVILLB   (KESTUCKV)   WELL 
BT   ABTKDB   U.    UIU.EB 

i  Abstract) 

A  well  drilled  for  oil  one-quarter  of  a  mile  south  of  Nlcholasvllle,  Kentucky, 
tiy  a  Winchester  (Kentucky)  oil  company  was  abandoned  last  summer  at  a 
ilepth  of  3,200  feet.  Tiorated  on  the  summit  of  the  "Jessamine  Dome"  of  the 
(Hnclnnall  anticline,  at  this  depth  It  constitutes  the  deepest  well  geologically 
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drilled  In  tbe  Ohio  River  basin.     Starting  near  tbe  baae  of  the  Lesli%ti» 
(Trenton)  limestone,  It  disclosed  the  following  stratlKtaphlc  succession: 


Forms  I  Ions  TblckDMSO 

?nt 

Trenton  limestone  (Bermltage  and  Curdsrllle) 40 

Tyrone  limestone   80 

Oregon  and  Camp  Nelson  limestone 430 

Knox  dolomitf!  2.880 

Nollcbacky  shale  and  sandstone .,      330 

Total 3,200 

The  sbale  brought  up  In  tb«  sand  pump  from  tbe  bottom  bas  been  ideotlfled 
by  K.  O.  Ulrlch  as  Cambrian  by  the  presence  In  it  of  fragments  of  certain 
Cambrian  trllobltes. 

In  locating  this  well  on  the  top  of  the  Jessamine  Dome,  below  any  known 
productive  oil  borisou  in  tbe  eastern  United  States,  the  drilling  company  dii- 
regarded  the  advice  of  geologletn  and  pinned  their  hopeful  espcctatlone  to  tbe 
fludinga  of  a  forked  peach  tree  switch  In  the  Imnds  of  («e  of  its  memberx. 

The  paper  was  accompanied  by  an  exhibit  of  the  drill  cuttings  arranged  In 
order  In  a  glass  tube  to  the  scale  I'A  Inches  equal  100  feet. 

Presented  without  manuscript,  with  sample  section  of  well. 
Discussed  by  Messrs.  A.  F,  Foerste,  M,  Y.  Williams,  R.  M.  Bagg,  and 
I.  C.  AVhite. 

President  Whit^i  withdrew,  after  calling  Prof.  A.  M.  Miller  to  the  chair. 


(Abitraat) 

The  dominant  formation  of  this  part  of  tbe  Columbia  Valley  is  a  great  series 
of  basalt  flows,  a  part  of  the  immense  basalt  field  of  eastern  Washington  and 
Oregon.  Direct  tracing  up  the  canyons  tributary  to  the  Columbia  shows  that 
what  has  long  t)een  assumed  Is  undoubtedly  correct,  this  series  of  flows  Is  tbe 
same  as  that  named  Columbia  River  basalt  by  Merrlam  In  the  upper  John  Dh/ 
Valley  of  north- central  Oregon,  and  Yakima  basalt  by  G.  O.  Smith  in  Takjiu 
Valley  of  sou tli -central  WaHhlnstoii. 

Tbe  Satutm  formation,  as  earlier  defined,  is  a  widespread  fluvlatlle  deposit 
extending  along  the  C'olumlila  Valiey  froni  the  mouth  up  through  the  CoIuobU 
Uorge  section  of  tbe  Cascade  Range  and  as  far  east  as  Yakima  Valley.  In  the 
gorge  and  eastward,  tbe  Satson  formation  rests  unconformably  on  the  Colum- 
bia River  basalt.  Exposures  of  this  fluvlatlle  deposit  are  not  continuous  and 
fossils  are  very  rare.  Correlation  of  separate  outcrops  Is  based  on  lltboloKlc 
characters  and  stratlgraphic  and  topographic  relations.  It  Is  believed,  how- 
ever, to  be  the  ret^ord  of  one  epwh  of  stream  deposition,  of  Pliocene  or  early 
Quaternary  age. 
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Hie  Dilles  beds.  In  Oregon.  Immediately  east  of  the  Cascade  Range,  are 
tboafltt  lo  be  made  up  of  two  different  formatlona,  tbe  lower  of  which  is  a 
ptiw  of  tbe  Satnon  fonnatlon  and  the  nm>er  a  post-formation  deposit  of  vol- 
(tnlc  «]ectmenta  of  local  origin  and  small  extent. 

A  wdlmentarr  deposit  alxnit  Arlington,  Oregon,  and  Roosevelt,  Washington, 
MnllMMSt  of  the  Dalles,  Is  believed  to  be  an  eastward  continnation  of  the 
iDwu  port  of  tbe  Italles  beds  and  to  reprewnt  the  Satson  formation.  It  lias 
fleldfd  rertebrate  remains. 

.(JKitlier  sedlmentar;  deposit  in  this  locality  Is  probabl;  correlative  with  the 
HisnII  and  Kllensborg  formations,  of  Miocene  age. 

T^o  drainage  courses  of  the  Satson  epoch  are  thought  to  be  traceable  west- 
nti  lo  ■  confluence  near  Lyle,  Washington,  on  the  eaetem  slope  of  tbe  Gas- 
Range.  One  is  followed  now  bj  Columbia  River  for  about  100  miles 
•ban  Ute  [>allea,  the  other  croMseH  sererai  anticlbial  uplifts  between  Lyle  and 
IMest  Itaplds.  90  miles  to  the  northeast,  and  lies  at  right  angles  to  the  course 
oTItklDu  Valley. 

tbere  are  only  three  post-deformation  water-laid  d^koslts  in  the  valley  above 
ilie present  floodplain:  (1)  the  upper  part  of  tbe  Dalles  beds;  (2)  gruvel  ter- 

n  whose  grade  rises  about  two  and  a  half  feet  per  mile  from  the  Portland 
Mit  (altitude,  300  feet  above  tide)  eastward  for  at  least  150  mllew,  and  (3) 
berf-boroc  errutlc  material  throughout  the  full  length  of  the  valley  here  dis- 
<nitwd  (upper  limit,  BlK>ut  1.2S0  feet).  Alt  are  of  Pleistocene  age,  1  being  the 
oMhL  The  relative  ngen  of  2  and  3  are  not  yet  known. 

Presented  without  notee,  with  lantern-slide  illustration. 


iAb$tract) 

neld  titodles  In  tbe  northeastern  portion  of  the  pre-Cambrlan  area  of  the 
Blict  Hills  of  South  Dakota  have  fumlahed  evidences  of  the  existence  of  a 
Wtfito  unknoWD  unconformity  thnt  separates  the  pre-Cambrtan  of  that  re- 
in into  two  divisions  of  the  prntiahle  rank  of  s.vstems.  The  older  system  of 
limait'!  outcrops  within  an  oval  area  approximately  three  miles  by  two 
leg  hi  extent  and  occupies  the  center  of  a  Hllghtly  elougaled  domical  struc- 
l<it  Tbe  Intrusion  of  Igneous  rock  Into  both  systems  is  thought  to  have  had 
r  u  effect  in  producing  the  structure.  I.arge  masses  were  Intruded  near  the 
otler  o(  tbe  dome  and  along  the  wentern  flank,  where  there  appears  to  be  a 
luge  fault. 

Hie  older  formation  comprises  iiuartxltes.  qua rtK-seri cite  schlBt,  and  Iron 
Awmallons  consisting  of  alternate  t>auda  of  (|uartz  and  specular  hematite  or 
■Mgnetlte.  Completely  surrounding  this  older  Hystem  la  a  younger  one,  com- 
posed of  conglomerates,  quartzltes,  Iron  formations,  limestones,  and  various 
sdilets  and  slaten.  The  contact  l>etween  the  two  is.  In  places,  clearly  an  ero- 
sknal  one.    The  basal  member  of  the  younger  system  Is  generally  a  congtom- 

■  iDtrwtiicrd  hj-  C.HtTgt  F.  K«y. 
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erate,  containing  In  places  huge  boulders  of  predsely  tbe  same  character 
rock  that  Is  found  In  tbe  older  oalj  a  few  feet  distant,  and  at  some  o 
points  the  older  beds  are  clearly  truncated.     In  other  places  the  contact      ^^ 
obMcurc,  while  In  still  others  It  Is  quite  clearly  a  fault  contact. 

The  existence  of  boulders  within  the  conglomerate  containing  drag  folcX^ 
and  brecclated  structures;  of  flrmly  cemented  quartxlte  pebblee  within  ^ 
chlorltlc  matrix ;  and  the  considerable  angle  between  tbe  bedding  planes  ■:»' 
the  two  eystems  1b  evidence  of  the  time  represented  In  the  unconformity. 

The  younger  iron  formations  are  regarded  as  of  fragmental  origin,  derive!-  ^ 
from  the  older.  The  banding  of  the  younger  at  least  is  believed  to  have  be^Xl 
produced  during  metamorirtiism  rather  than  by  original  sedimentation.  TiLXr- 
thermore,  the  banding  is  more  pronounced  In  tbe  formations  richer  in  iron. 

Tbe  pre-Cambrian  of  the  remainder  of  the  htlle  area  probably  belongs  to  tt^^ 
younger  system.  In  degree  of  metamorphism  the  two  systema  resemble  tl:^  ^ 
Huronians  of  the  Lake  Superior  district 

Pretteiited  without  manuscript,  with  the  aid  of  charts. 

BTBATIQRAPBY  AND   DIABTROPBIBU   OF   V/BSTSRS   SBWFOUSDLAyD 
BY    CHABLBS    aCHLCHEET    AND    CABL   O.    DVNBAB 

iAbitract) 

I'uleozolc  sediments  form  a  low  foreland  to  the  Long  Range  Mountains  aloc^s^S 
the  entire  western  coast  of  Newfoundland.    The  Jitrntlgraphlc  sequence  begl^K=>8 
with  a  well  developed  I<awer  Cambrian,  resting  on  [jaurentlan  granite  ai::^^ 
nietumorphlcs,  and  clones  with  the  reniisylvanlau.    There  is  here  no  HidS— '^ 
Cambrian  uor  Silurian ;  of  the  Devonian,  only  the  Helderberglan  is  presei=»  '- 
und  of  the  Mlsslsuipplau  only  the  latter  half.    All  of  Mesozoic  and  Cenow^''^ 
time  is  entirely  uureprenoiited  by  sediments.     Tbe  Ixiwer  Cambrian  consl^t» 
of  quartzlte,  shale,  and  limestone,  and  Its  fauna  sho^s  limited  relations  wl^'' 
that  of  eastern  Newfoundtand,  whereas  all  tbe  succeeding  faunas  indicate 
complete  isolation  of  these  two  regions.    The  Upper  Cambrian  is  poorly  repre- 
sented by  dark  gniy.  shaly  limestone,  which  is  accordant  with  both  tbe  pre- 
ceding Camlirlan  and  the  nucceedlni;  Ui'dovlt-lan  stmta. 

Tbe  Ordoviciao  In  here  tremendously  developed.  It  begins  with  about  2,000 
feet  of  <lolumlte  and  magneslan  llmcMtune  of  Canadiiiu  age,  followed  by  some 
800  feet  of  purer  Chiizyan  llmestonp,  and  tlieii,  hh  orogeny  set  In  to  the  east, 
there  was  a  gradual  traiiHltlun  into  black  shaly  llinciitone,  black  shale,  and 
tliially  into  a  great  grceul.sh  gray  xiindMtoni'.  On  this  folluwR,  after  a  break  in 
se<ll mentation,  tlie  (Viw  Head  limestone  IhiitIh.  Iin-iillj  <if  great  thickness  and 
of  uiiparallele<l  coarscnesH — a  product  of  lundslldes  rt-sultliig  from  profound 
fault-soiivps  near  by.  As  tbe  orogeny  continued  to  ItiJ  climax,  there  fallowed  a 
mighty  series  of  clastic  sedlmeulK,  iiosslbly  more  than  10,000  feet  In  thickness 
and  very  variable  in  both  color  and  texture  from  section  to  section.  Tbeae 
elastics  have  yielded  but  very  few  foHsllH,  apparently  of  Middle  Ordoviclan 
time.  After  tbis  tbe  seas  cleans  somewhat  and  Ordovlclun  sedimentation 
closed  with  fossllifcrouM  shales  and  limestone  referred  to  tbe  Inter  Ordoviclan 
ending  with  the  eurllcr  Itlclimondltm. 
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The  Lower  Devonian  (Belderbei^lUii)  sediments  are  red  and  green  elastics 
witb  eitenalve  rlppl«-marka,  mud-cracks,  and  Halt  hoppers,  and  with  marine 
fosdls  cooflned  to  limited  lonea.  The  later  Devonian  was  a  second  period  of 
orogenj,  marked  by  folding  and  by  both  extrusions  nnd  extensive  laccollthlc 
lotnulons  of  very  basic  lavas. 

D«pasltlon  did  not  begin  again  until  the  Upper  Mlsslsslpplan,  when  tbere 
was  laid  down  the  more  or  lesR  marine  Windsor  series  of  red  and  variegated 
dastlts,  with  local  dolomite  and  gypnum  having  limited  occnrrencea  of  marine 
fossils.  The  Penneylvonlan  sediments  are  wholly  of  continental  origin  and 
ranUln  some  coal  locally.  A  third  period  of  ort^eny  was  that  of  the  Appa- 
lactaiaa  revolntion.  which  began  here  some  time  late  In  the  Paleozoic. 

Tbe  next  deposltR  are  I'lelstoeene  tlllUes,  derived  from  the  east,  and  these 
are  locally  overlain  by  fosstllferous  marine  clays  of  tate  Pleistocene  time, 
wblch  la  places  are  as  high  as  100  feet  above  present  sealevel- 

Llttle  la  recorded  In  Newfoundland  of  Its  Mesozolc  and  Cenozoic  history, 
tbough  the  island  was  reduced  to  peneplanatlou,  after  which,  probably  In  late 
Cenosolc  time,  there  was  an  uplift,  greater  in  the  west  than  In  the  east,  whldi 
brooEbt  the  flat-topped  Long  Range  to  Its  present  elevation  of  about  2.000  feet 

Presented  by  title  in  the  abseDce  of  the  authors. 

8TRATIORAPHT  OF  TBE  UOOSB  ASD  iLBAST  RIVERS  OF  NORTHERN 


(Abiiracl) 

The  rock  exposures  of  these  river  courses  indicate  a  geological  section  Inter- 
preted In  age  as  follows ;  Queenston,  Cataract?.  Niagara,  Guelph,  Salina,  early 
I'Hter  E>evoDlan  (formerly  classed  as  Arondaga),  Tully,  Huron,  and  Portage. 
UeHoiolc  sediments  are  represented  In  the  Mattngaml  basin  by  clay  shules, 
lignites,  and  plant-bearing  sandstone.  Tbe  Pleistocene  section  includes  bonlder 
till,  outwash  sands  and  gravels,  marine  clay  and  sand,  and  What  Is  believed 
to  be  Interglaclal  peat.  Tbe  beds  for  tbe  most  part  dip  toward  James  Bay  at 
tbe  rate  of  abont  two  feet  per  mile,  but  marked  open  folds  occnr  In  the  Moose 
HIver  basin,  where  thin  sheets  and  narrow  dikes  of  trap  cut  the  parly  Upper 
ItevoDlan  limestones. 

Presented  witliout  noteR,  with  charts  and  lantern  slides. 

AOB  OF  THE  AXDE8 


iAbHraCl) 

Evidence  is  brought  forward,  from  scattered  localities  extending  from  Co- 
lumbia and  Venezuela  on  the  north  to  Patagonia  on  the  south,  showing  that 
marine  Pliocene  is  Involved  In  the  last  and  greatest  uplift  of  the  Andes.  It  is 
Hhown  hy  means  of  fossil  plants  that  Amazon  basin  conditions  formerly  pre- 
vailed along  the  present  west  coast.     The  prol)nl)lllty  of  the  existence  of  a 
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land  area  west  of  tbe  praKnt  coast  1b  dlacosMd.  Fwm  a  consldenUon  -^ 
several  different  Plloceoe  floras  from  Bollyla,  an  approximate  eatliiiAte  ^ 
given  of  tbe  amonnt  of  npllft  tbat  has  taken  place  since  the  PUoctme.  PiL^^ 
ontologlc  and  topographic  evldenoe  Is  presented  showing  that  a  ntodera'*^^ 
Tertlarj-  elevation  was  followed  by  rather  mature  erosion,  and  thla  In  tnin  t^y 
profound  elevation,  which  was  accompanied  by  great  Igneoos  and  roleanX*? 
activity,  the  latter  almost  entirely  confined  to  tbe  western  ranges.  Tbe  botB^ 
of  the  mineralization  also  dates  from  this  time,  especially  In  the  eattervi 
ranges  of  Bolivia,  In  which  reKl<m  this  condosiou  has  been  demonstrated. 

Presented  by  title  in  the  absence  of  the  authors. 

PRE-CAUBRIAX  SOVK8  OF  MASITOBA 
BT  F.  J.  ALCOCR  AND  a.  U  BBUCV 

Printed  jn  full  in  this  volume. 

OCCVHREXCE  OF  BASAL  COSaLOMERATES 
BY   W.   H.   TWRXHOFEL  AND  E.  C.  EDWABDS 

(AbstriKt) 

In  many  textbooks  of  geology  the  initial  deposits  over  an  unconformity  ■r'* 
represented  as  conglomerates  or  coarse  sandatoQes,  anil  the  impression  1b  lef^ 
that  such  are  tbe  general  accompaniment  of  an  unconformity.  Observatioo-A 
made  on  many  geologic  sections  show  that  such  Is  not  always  the  case,  ai»*' 
tbat  tbe  initial  deposits  In  many  cases  are  fine  elastics,  while  coarser  clastic?^ 
are  altogether  wanting  or  occur  some  distance  above  the  initial  Strata,  t  * 
appears  to  have  been  the  custom  to  refer  tbe  occurrence,  where  no  coar^^ 
elastics  are  present,  to  the  invasion  of  tbe  sea  over  a  peneplaned  sortace,  w*" 
Ihut  a  coast  had  been  eroded  of  wblcb  the  materials  could  not  produce  coar»^ 
elastics. 

Observations  made  on  many  parts  of  the  coast  about  tbe  Gulf  of  Saint  Law- 
rence have  led  to  the  conclusion  that  gravels  and  coarse  sands  are  not  neces' 
iwrlly  the  Initial  dctxisltK  of  an  Invading  sea.  even  under  conditions  of  consld' 
crable  relief,  and  that  It  is  equally  as  itrohable  (bat  (he  Initial  deposits  above 
jin  unconformity  should  lie  Hue  elastics. 

Presented  in  abstnict  In'  tlie  soninr  aatlior  from  notes. 
Discussed  l>y  M.  Y.  M'i'lliams,  ivitli  rfply  by  W.  H.  Twenhofel. 

t.L  Ay  Oft  I  A— TUB  PALEOZOIC  LASD  AREA  l\  l.ll(lfl.i\A  AMI  EAdTERM  TEXAS 


(Aligtracli 

Evidence  for  a  I'alcozolc  land  area  that  occupied  at  least  a  part  of  Lou- 
isiana and  eastern  Texas  has  been  published  from  time  to  tliue  by  different 
geologists.  Tbe  most  Important  paper  on  the  subject  Is  one  by  J.  O.  Branner, 
published  In  tbe  Amerlcnn  Jouruiil  of  Science  In  la»7.     Consklerable  Intornui- 
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ilun  on  the  subject  was  obtained  by  tbe  late  Dr.  A.  H.  Turdue  and  tUe  writer 
dortot  several  years'  study  of  tbe  rock  formations  In  the  Ouachita  Mountains 
twl  Arkaneas  Valley  of  Arkansas  and  Oklahoma,  beginning  in  1907.  Tlie  fol- 
lowing voDdusions  are  based  oo  this  Infonnatloa  aud  ou  the  (lata  published 
tiy  other  geologlats. 

A  kiDdarea,  which  has  been  called  Llano  by  Willie,  Schuchert,  and  Ulrlch 
ud  litDoiia  by  Dumble,  existed  lu  Louisiana  aud  eastern  Teias  during  much. 
If  not  DHMt,  of  the  Paleozoic  era  and  during  the  Trlasalc  and  Jurassic  periods 
of  [he  M«wzolc  era.  It  varied  In  outline  from  time  to  time.  It  may  have 
wcupled  a  part  of  the  area  of  the  present  Gulf  of  Mexico :  at  times  it  was 
doabUess  connected  with  large  land  areas  occupying  at  least  much  of  central 
tid  aerthem  Texas,  southern  OMaboma,  and  southern  Arkansas,  and  for  short 
[vrlods  It  may  have  extended  eastward  across  the  lower  Mississippi  Valley 
uiid  julard  tbe  sontbwest  end  of  the  Appalachian  area.  It  furnished  most  of 
the  saJtnients  that  formed  the  clastic  rocks  of  Peuusylvanlan  age  In  north- 
(vDInil  Teiiiit,  aud  for  those  of  Onlovlclan,  Silurian,  Mlsslsslpplan,  aud  I'enu- 
siivauiuu  age  in  the  Ouachita  Mountains  and  Arkiinsus  Valley  of  Arkansas 
vl  Dklahoma.  At  times,  as  during  the  Devonian  period,  it  bad  very  little 
nM,  liut  at  other  times,  as  during  the  Ordovlclan  and  Silurian  periods  and 
tbe  Hbsisslpplan  and  Cenneylvanlan  epochs.  It  was  mountainous.  It  was 
*l«pnK«(l  and  entirely  submei^ed  during  I.ower  Cretaceous  time,  and  later 
JqireasloDs  carried  the  sea  across  It  during  Upper  Cretaceous,  Tertiary,  and 
(Wemary  time,  so  that  its  rocks  are  now  covered  and  entirely  concealed  by 
iffoAts  of  these  ages.  The  discovery  of  pre-Cambrlan  schists  directly  beneath 
Cetaceous  strata  at  Waco,  Ueorgetown,  Maxwell,  San  Antonio,  aud  Leon 
Sprtuss,  Texas,  suggests  that  the  rocks  of  this  old  burled  land  area  were 
iliDllar  to  the  crystalline  rocks  now  exposed  In  the  Piedmont  Plateau  of  the 
^^stero  United  States.  If  so,  such  rocks  underlie  the  Cretaceous  strata  over 
"'^  ul  Louisiana,  eastern  Texas,  and  perhaps  adjoining  areas  to  tbe  south 
■ad  ensL  Prominent  structural  features  of  tlie  Gulf  Coastal  Plain,  including 
Uiel'r«stou  anticline  and  Sabine  uplift,  may  murk  the  location  of  some  of  the 
fuldK  tbat  were  produced  In  the  rocks  ou  tbe  old  land  area,  but  that  have 
mnlergune  further  movement  sLice  they  were  burled  by  Cretaceous  and  later 


The  results  of  futui-e  deep  drilling  in  the  Gulf  Coastal  Plain  and  further 
study  of  the  Paleozoic  and  older  rocks  that  are  exposed  around  the  borders  of 
the  Gulf  I'laln  will  add  greatly  to  our  Imperfect  knowledge  of  the  old  land 
aTfa  considered  in  this  abstract. 

Bead  from  niaDuscript,  illustrated  with  charts. 

Discussed  by  ilessrs.  E.  C.  Moore,  E.  H.  Sellards,  G.  II.  Chadwick, 
ind  E.  S.  Bastiii,  with  replies  by  the  author. 

IQSEOVe  OEOLOaY  OF  SOUTHEASTERS   IDAHO 
BT   GEOBUE   BOOEBB    » 


Presented  by  title  in  the  absence  of  the  author.    This  paper  la  printed 
n  full  iu  this  volume. 

The  section  adjourned  at  G  o'clock  p.  m. 
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Session  op  Tuesday  Evenino 

The  Society  and  its  friends  convened  at  8  o'clock  p.  m.  of  Tueadaj,  [ 
December  28,  in  the  Auditorium  of  Eosenwald  Hall,  to  listen  to  the  I 
presidential  address,  entitled 

lUPORTAST  EPOCHS  JH  THB  HIBTOSJ  OF  PETROLEUM  ATiD  SATURAL  OiB 
PRESIDENTIAL  APDBESS   BY    I.    C.    WHITE 

This  paper  is  published  in  full  in  this  volume  of  the  Bulletin. 

Doctor  White's  address  was  followed  bj  that  of  the  retiring  Viee-Presi- 
dent  of  Section  E  of  the  American  Association  for  the  Advancement  of 
Science,  which  is  entitled 

BTRVCTVRAL  FMLVRB  OF  THE  LITBOSPHERB 


After  the  reading  of  these  papers  the  Society  adjourned  to  one  of  the 
laboratories  in  tlie  same  building,  where  was  held  the  annua]  sahscription 
smoker.  This  function  was  likewise  participated  in  by  the  members  ot 
the  Paleontological  Society,  the  Mineralogical  Society  of  America,  (at 
Society  of  Economic  Geologists,  and  guests  of  all  the  societies.  Tlie  at- 
tendance was  large  and  the  function  enjoyable. 


Sehhion  of  Wkdnksday  Mohnino,  Dkckmber  2i) 

The  Society  came  together  for  its  second  general  session  at  9.45  o'dwk 
a.  m.  of  Wednesday,  December  29,  with  President  I.  C.  White  in  the 
cliair.  Tlie  first  business  on  the  docket  was  the  report  of  the  Anditiuf 
('ommittee,  elected  on  the  previous  day.    This  was  presented  as  follows; 

REPORT  OF  THE   AUDITING  COMMITTEE 

CmcAoo,  Pecember  28,  1^^*- 
To  the  Geological  Society  ti/  America: 

Tbe  Auditing  Committee  have  examined  tlie  records  ot  the  Treasurer  for 
the  calendar  year  1920  and  find  the  Treanurerw  Niatempnt  as  printed  to  \» 
correct.     We  recommend  Its  iipproval,  subjet-t  to  the  chocking  of  the  sworltl** 
in  Baltimore  by  Dr.  J,  T.  Slngewald,  Jr.'    jSee  note  on  opposite  page.] 
(Signed)  Edson  S.  Babtin, 

Frkdeeick  B.  Peck, 
Joseph  T.  Singewaui,  Jb.. 

Auditing  Commitlcr. 
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On  motion,  the  printed  Council  report  was  then  taken  from  the  table 
and  considered.  It  was  voted  that  the  report  be  accepted  and  printed  in 
the  Bulletin. 

AFflLIATIOX   WITH   THE  SOCIETY   OF  ECONOMIC  GEOLOOiaXS 

The  Secretary  then  announced  that  the  Council  on  December  28,  1930. 
had  received  overtures  from  the  Council  of  the  newly  organized  Society 
of  EcoDomic  Geologists  looking  toward  close  afBliation  witli  the  Geolog- 
ical Society  of  America,  on  which  favorable  action  had  been  taken.  The 
following  letter  has  been  received  since  and  the  Secretary  has  been  in- 
structed to  submit  it  to  the  Society  for  action: 

CntCAOO  OnivEBSiTY,  Dectinhrr  28,  1920. 
r>r.  E.  O.  HovEY, 

Secretary,  Geological  Society  of  America. 
Dear  Dr.  Hovey  :  The  Society  uf  Ecouomlc  GeologtutH,  nt  its  organleatlon 
'  meeting  tbia  aFternoon,  unanlmousty  adopted  a  reMotutlon  directing  the  Secre- 
tary to  apply  for  afflllatlon  with  the  Geological  Society  of  America  under  the 
provision  of  the  newly  adopted  emenilment  to  its  ConstltutlOD.     In  compliance 
with  these  Instructions.  I  take  pleasure  in  transmitting  this  application  to  the 
lieulogicat  Society  of  America  tbrougli  you,  In  anticipation  of  mutually  helpful 
relations  in  the  years  to  come. 
Very  sincerely  yours, 

(Signed)  J.  VoLNKY  Lewis. 

Ifccretarg,  Srnicty  of  Economic  Oeotogittii. 

On  motion,  duly  seconded,  the  Society  unanimously  approved  the  ac- 
cvptani-e  of  the  Society  of  Economic  Geologists  as  an  affiliated  society 
and  directed  the  Secretary  to  transmit  notice  of  its  action.' 


'  SlncF  tbe  mwtiDS  tb>  foUowlDg  l«lt»r  bag  been 
B 

Aa  ■  member  of  tbe  Audttlng  Caminlltec  tor  lO'^O.  . 
Ibe  UoaloglcBl  Society  ol  America  In  the  safe-depoalt  b 
rpporCed  lij  (he  TteaBuret  at  the  annual  meeting. 

(Signed)  Joseph  1 

'  rarrylnti  out  tbew  InRt ructions,  tl>e  Seerelarj  cllx[iatchrd  tbe  loUowIng  letter  to  Ihc 
Secretary  of  tbe  new  orgaolzatlOD  : 

CiiiCAiiu.  Illinois,  Drt-Fiuber  SO.  WM. 
I'rqf.  J.  Vol:<EI  Lewis, 

Serrelary,  Sorietu  of  b'ronomir  Oeologitta. 
IIE4«  PiOFKSHom  I.EwiK  :  AciDowlpdglng  tbe  reeeipt  of  [he  appllcallon  of  tbe  Society 
of  Kconomlc  GeoIoglBti  far  afflllatlon  with  tbe  Geotogltal  Hoclely  of  America  under  the 
latter  Socletyj  Constitution  and  By-IJWB.  1  have  tbe  honor  lo  report  that  aald  appllca- 
IIOD  WBH  lubmllted  lo  the  Geological  Societj'  of  America  la  general  seiHlon  this  morning 
and    iras    DiianlinouHly    approved,   a    moat    hearty    welcome    belDg    extended    to   tbe    new 

Very  truly  yours. 

(Signed)  EnuHND   Otis    PIovky. 

arcrttary,  Otologtral  Society  of  Amtrlca. 
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TITLES  AND  ABSTRACTS  OF  PAPEBfi   PBESENTED  AT  THE   HOBNINO   SESSION 
AND   UI6CCB8IONB  TUEHEON 

The  Society  then  took  up  conBideration  of  papers  of  general  interest 
with  tlie  preeentatioQ  of 

QBOLOar  AND  OBOaBAPHY  IX   THE   VNITED  BTATE8 


{Abitracl) 

An  exhanatlve  report  on  the  KtatUH  of  geology  and  geograpfa;,  prepared  for 
the  Division  of  Educational  Relatione  of  the  National  Iteaearch  Council.  The 
report  Is  based  on  an  extensive  study  of  the  personal  history  and  publications 
of  2,500  men  and  women  interested  in  the  snlijects  named  and  a  more  inteusiire 
sttiil]-  of  over  1.200.  The  pointH  considered  ure  the  prenent  personnel  and  its 
trnliiing,  the  opportunities  offered  for  training  In  geology  and  geography.  pul>- 
llcatloua  dealing  with  North  American  geology,  organizations  supporting  re- 
search, and  the  lines  of  Investigation  now  in  progress. 

In  reply  to  a  question  by  Prof.  W.  W.  Atwood,  Doctor  Hathews  said  that 
only  one  Institution  In  the  country  was  thoroughly  equipped  for  training  of 
geoKraphers.  The  demand  for  trained  geographers  far  exceeds  the  supply,  and 
Initial  salaries  are  good. 

Head  from  manuscript  hy  the  senior  author. 

PREVAilBRIAN  PRORLEMK 


Hlsliiriciil  develoiinieur   of  Iho  study  of  the  pre-Cambrlan  of  northeru   Ku- 
■I'lie.    Older  Idens.     Esplaiuitlon  by  aclual  causes. 

I'etrologlcal  problems ; 

1.  Primary  constitution  of  the  rocks  of  the  pre-ftiimbrlan. 

'1.  Their  metamor|>hisni, 

3.  Their  aniitpxls. 
Strutlgraphical  problems: 

I'resent  state  of  our  knowleilee  of  thi'  slriitliimiiliy  of  the  pre-Cambrlan 
of  Fenuo-ScHiidia. 

Correlation  with  rocks  In  utln'r  rimnliics. 
Ileolectonlcul  problems: 

l>o  the  great  granitic  mass^-s  jkwwss  iiiiy  doflnitc  nee? 

Orogenetlc  zones  In  the  prc-CinubrliLu  uf  tViino-Si'jiinlln. 

Presented  by  title  in  the  ubsciicc  of  the  autlior. 
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MOBILITY  OF  THE  COAST  RASOBB  OF  CALiyORSli 
BX  ANDBEW   C.   LAW80N 

The  paper  adduces  evidence  that  the  region  is  moving  northerly  by  strain 
rreep,  doe  to  a  subcrnatal  current.  This  strain  Is  relieved  from  time  to  time 
lif  fauttiag  and  the  region  springs  back,  causing  an  earthquake  at  each  slip. 
The  dlxplacements  of  1808  and  1006,  aa  determined  I);  the  U.  3.  Coast  nnd 
lievdetlc  Surrey,  may  be  explained  consistently  with  this  conception.  The  re- 
bound of  1S6S  was  an  expression  of  relief  from  longitudinal  strain  effected  by 
B  deep  lowly  Inclined  fault  with  a  strike  normal  to  the  direction  of  stress. 
The  rebound  of  1906  was  «  relief  from  transverse  strain  on  a  vertical  fault 
oblique  to  the  direction  of  stress. 

Road  from  manuscript. 

i   TUB  RAS  FRANCISCO 


(AbitrtKl) 
Brief  statement  of  phj-slographlc  contrasts  of  east  and  west  sides  of  San 
Franclsoo  Bay.  Evidence  of  general  movements  and  of  differential  movements 
Imwd  on  consideration  of  pbysiographtc  features,  alluvial  deposits,  and  bay 
deposits,  present  and  fortner  cross-sections  of  a  drowned  valley,  borings,  and 
(lire  samples  of  bottom  deposlt.s.  Brlt^f  comparison  of  recent  dlastropblc  rela- 
ti'mn  of  this  region  with  those  of  Tertiary  lime. 

Presented  without  notes. 

DiBCDBBION 

ITof.  W.  H.  Hones :  I  am  glad  that  Professoi:  Louderback's  paper  has  been 
read  In  connection  with  Professor  liawson'a,  for  I  think  that  supplies  an  alter- 
native, and  I  believe  a  truer  picture  of  the  type  of  deformation  which  took 
place  during  the  earthquake  of  1006.  I  believe  It  only  fair  to  say  that  the 
Held  theory  of  that  earthquake,  indorsed  as  It  is  by  Lawson,  grows  out  from 
the  notion  that  tlie  California  eurihqnake  was  unique.  Instead  of  being  not 
eiwentiall.v  different  In  Its  nature  from  others.  No  attempt  was  made  to  fit 
the  Reld  theory  of  strain  creep  and  rebound  to  other  earthquakes.  I  consider 
It  fair  crltlclam  of  the  studies  made  by  the  geologists  who  studied  the  earth- 
quake that  they  made  no  adequate  survey  of  tbe  vaxt  fleld  of  selsmological 
kiinvrlefl^  already  at  hand,  but,  on  the  contrary,  started  out  as  though  their 
own  observations  were  alone  of  Imporiance. 

Professor  iMwso.f  replied  that  the  first  rolume  of  the  report  on  the  Call- 
tomla  earthquake  of  1906  sought  merely  to  lay  the  facta  of  that  quake  before 
the  scientific  public,  and  that  the  second  volume  brongbt  out  the  application 
of  a  theory  that,  as  far  as  luiown,  had  not  theretofore  been  applied  to  earth- 
'luakes. 
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VOTE  OF  WELCOME  TO  PROP.  T.   C.   CHAMBERLIN 

President  White  then  said :  "I  have  the  pleasure  of  announcing  one  of 
tlie  neators  of  our  science,  our  beloved  former  President,  Prof,  T.  C. 
Chamberlin,  and  I  propose  a  rising  vote  of  welcome."  This  was  enthu- 
giastically  given  by  ttie  audience,  who  tlien  listened  to  the  presentation 
of  two  papers,  as  follows: 

THE  OHEATEtt  EARTH 

BY  T.  C.  CHAMBEBUN 

0R0U!fDWORK   OF  THE  EARTH'S  DIABTROPHIBU 

BY   T.   C.   CHAMBEBLIN 

These  two  papers  are  printed  in  full  in  this  volume. - 
Adjournment  for  luncheon  was  taken  at  12.30  o'clock. 


Session  of  Wednesday  Apteunoun,  Deceicbeb  29 

Tlio  Society  reconvened  at  3.15  o'clock,  with  President  I.  C.  White  in 
the  t-liair  and  H.  L.  Fairchild  acting  as  Secretary, 

TITLES  AND  AB8THACT8  OF  PAPERS  PRESENTED  AT  THE  AFTERNOON  SESSION 
AND   DISCUSSIONS    TMEHEON 

Tlie  first  pa]>er  presented  was  entitled 

SOLITARIO  L'PLIFT,  I'KEl^IDIO-ltREWsrER   COUSTIEB,   TEXAS 


Itileiisely  fotdeil  Ixiwer  raleomiLc  rucks  are  t>X|)Oseil  In  only  two  uplifts  In 
Tpxhs,  the  Mariitlmii  niid  tliu  Siilltiirio  Donii-n,  bi)tli  on  tlie  edge  of  the  Cor- 
iIllleruD  Mouiitflh)  chains.  Iti  Imtli  tlii<  Mttriitlion  tmd  Solltarlo  areas  the 
lilKhly  foldpil  FaleosMilc  riH-ks  iirc  (-xiHist^l  In  iinniofefl  Ci'etaceous  domes  and 
llip  strike  of  the  Isopllnal  folds  Is  i lort hen st-simth west.  Tills  shows  that  the 
fciIclliiB  Is  Appalachian,  not  (lordillermi.  hut  the  connwtlim  witli  the  Ouachita, 
Ariiuckle.  or  Wichita  Moiiiitains  Is  not  clear. 

The  SolUnrlo  consists  of  a  la-rfiM'tiy  circuliir  rini  of  rj)wer  Cretaceous  lime- 
stones 7  mllfs  111  dlnmetcr.  rlslnji:  an  JngKiii  siiw-looth  iieak.s  nnd  dipping  out- 
ward at  angles  of  30  degrees  to  70  degrees,  within  which  are  lower  hills  com- 
posnl  of  Ordovlclan  shales  (.Marathon  and  Maravillas  formations),  Devo- 
nian (?)  NoTttcollte  (Ciiliallos),  Pen nsy Iranian  shales  mid  sandstones  (Teauus 
formation),  nnd  limestones  (Dlmjilc  formations).  In  the  center  of  the  un- 
rmiftni  Cretuw-fius  dome  a  iwrtlon  of  the  original  Cretaceous  cover  is  left. 
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ttuwnfo'TM'Wy  overlfliiK  all  tbe  older  formtitiuiiK.  The  nouth  half  o(  Uie  dome 
Is  pompospd  of  volcanic  breccia  cut  by  many  dlken.  Blocks  of  the  fonner 
CYctareoiu  rock  have  Bunk  Into  the  breccia. 

TTie  origin  of  the  Cretaceous  dome,  one  of  the  most  iierfect  tn  the  world,  ie 
belteyffl  tu  be  a  laccullthic  liitniKlon  Into  the  baHul  I'HleoKolc  rocks.  Thei 
brvccltt  Is  lieileved  to  fill  a  pipe  through  which  the  laccolith  broke  and  reached 
tbe  mirfaee  at  iiiiout  the  close  of  the  Uiijier  Cretaceous  [)erlod.  A  Bill  in  the 
basal  Crelawous  cnn  be  traceO  completely  around  the  dome. 

Head  from  manuscript. 

GREAT  FAULT  TROVtlHS  Of  THE  ASTJLLE8 
BY  STKPIIKN  TABEB 

(Abgtracl) 

\  series  of  fault  zones  eKteudlng  along  arcs  that  run  approximately  east  and 
w4-'t  hflvo  determined  the  major  relief  featurex  In  the  region  of  the  Greater 
Antillp)'.  Iiisplacvmcnts  along  these  fault  zones  hiive  resulted  In  the  forma- 
liou  of  great  trough-like  valleys.  Tlie  fault  troughs  are  for  tbe  most  part 
siilimerged  beneattt  the  Atlantic  Ocean  and  Carlb1)eau  Sea  and  are.  therefore, 
pr»te<:ted  from  erosion.  They  are  characterized  by  great  depth,  precipitous 
Inr-loKtng  ncarpB.  abrupt  changes  in  slope  at  the  top  and  bottom,  and  relatively 
flat  floors  that,  instead  of  being  graded  like  river  valleys,  rise  and  fall  through- 
out Ibelr  length.  The  deepest  places  are  close  to  the  foot  of  the  Inclosing 
sJTirps  rather  than  near  the  center  of  the  trench,  while  borstB  are  also  present 
along  the  fault  zones. 

F'ractlcfllly  all  of  th^  severe  earthquakes  which  have  occurred  In  this  region 
durlDK  (be  last  four  centuries  have  originated  along  these  fault  zones,  and  they 
bare  been  caused  by  vertical  displacements,  as  Is  shown  by  the  sea  waves 
whicb  have  accompanied  them. 

Presented  without  notes. 

The  paper  was  discussed  by  Dr.  T.  Wayland  Vaughan,  Dr.  I.  C.  White, 
and  Prof.  W.  H,  Hobbs,  with  reply  hy  the  author. 

Kiscussios 

Prof.  W.  H.  Hobbs:  I  have  taken  great  aatinfiiction  In  listening  to  this  ex- 
cellent [taper  of  Professor  Taber,  for  the  reason  that  In  common  with  that  of 
Profe«Kor  Louderback,  read  at  the  morning  session,  it  Indicates  entire  corre- 
i^ioDdence  with  the  views  which  J  have  long  held  concerning  the  nature  of 
Mock  faultlngs,  namely,  that  adjustments  within  any  region  are  comparable 
lo  tbose  Which  occur  when  floating  blocks  are  diwinrbed  by  water  waves. 
Tronghs  due  to  faulting  do  not  begin  and  end  gradually,  as  long  supposed,  but 
are  Interrupted  tuddenly.  The  Interruption  of  the  Bartlett  Deep  by  the  Island 
of  Haiti  and  tbe  continuation  of  a  depresnlou  to  the  northward  of  that  Island ; 
the  CHWB-trough  of  the  Anegada  Passage,  all  renulre  this  Interpretation  and 
this  only.  Tbe  smaller  adjustment  within  tlie  larger  earth  blocks  have  also 
l)een  well  establlsbed  by  Doctor  Taber. 
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Ubstract} 

Tbf  Glenn  formiitlou.  conHlntliiK  of  Hhalee,  limeetones,  and  more  or  )e^ 
HHjihaltic  sandstoneK,  la  exposed  on  tbe  south  side  of  the  Arbuckle  Hountalo* 
of  Kiiuthern  Oklahumii.  Recvnt  sludlea  show  that  It  Is  10,000  to  15,000  feet  I" 
tlik'huesg,  and  that  It  Is  Txiwer  reuDsylvaniaD  In  age.  It  la  steeply  folded  ao"* 
[h  concordant  In  structure  with  the  older  strata  esposed  In  the  Arbuckle  HouH' 
tiilnx.  North  of  the  ArbucklM  are  folded  and  tilted  Lower  PennBjkaiilti) 
ro<-kfj  comprising  the  fonnatloiiM  from  the  Wapanucfea  to  the  Wewoka,  lO.OW 
feet  in  thickness,  which  are  also  concordant  In  structure  with  the  older  beda 
of  the  mountains.  The  beveled,  peneplaued  Lower  PetmBylvantaD  Is  oTeHiln 
by  the  Prankti  conglomerate,  tn  which,  from  Interbedded  llmestoues,  an  UppH 
I'eiiURf  IvaniaD  fauna  baa  been  found.  The  Franka  has  been  traced  northwaid 
and  found  eqoivalent  to  the  Seminole  oonglomerate  which  rests  on  the  Wewok» 
foroiutlon.  An  important  unconformity  which  appears  to  correspond  to  the 
break  In  sedimentation  In  the  Arbuckle  rejclon  has  b^en  recognleed  and  trac«l 
arroKH  the  north  Texafl-I'ennHylvanian  area.  It  occurs  near  the  base  of  the 
Clsi-o  ei'oup. 

Tlie  movement  which  jiroducod  the  Arbuckle  Mountains  may  be  correlated 
with  the  Bereynlan  disturbance  in  mld-IVnuHylvanlan  time.    It  exerted  a  rerj     ' 
Important  influence  on  the  fitructure,  aedl mentation,  and  faunas  of  the  Pemi- 
sylvan  Ian  In  the  Mid- Continent  region. 


Read  from  manuBcript. 

FIIAUKWOUK  OF  THE  KAHTIl 


Itciiil  in  abstrui'l  Troin  iniiiiiisoript. 

imioix  AM)  BinTuniiriiiy  (}F  the  loess 


I 

1.  AniiLvNls  of  t.vplciil  i.icss  In  the  Miss..nrl  Vallc.v  sb.iws  that  It  Is  the  prod- 
iii-t  of  me<'liii]il<'iil  illslnti>t:ratl<in  rurluT  tliiin  «f  rhcnili-nl.  It  Is  compotied 
iinwtly  of  aneular  <-r,vstiillln<'  luirtlclcs,  atuons  wliii-h  arc  fi'l<]s|)ar,  hornblende, 
o:(ldcK  of  Iron,  and  toumiatlne.  This  cimld  nut  have  <^^>ine  from  the  Mlsslxslppi 
Vallej-  west  of  the  Missouri  River.  It  Is  evidently  the  pniduct  of  the  mechan- 
ical erosion  of  the  cuntlneiitiil  Kinder  over  the  Kranlllc  areas  of  Canada  and 
the  Lake  Superior  reel  on. 

2.  Iteexaml nation  of  the  speelmeiifi  of  rhinese  loess  collected  by  Pumpelly 
fifty  years  ago  |iri>liality  iwlnt.-  to  a  similar  origin  from  the  Khioiated  area  of 
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Tibet.    Bot  we  HOBpend  Judsment  on  this  polat  until  fresh  specimens  arrive, 
which  are  promised, 

II 

The  loess  Is  almost  everywhere  distributed  arouud  the  margin  of  glaciated 
nreas  where  It  would  be  natursll;  brought  by  the  floods  of  tbe  waning  Ice- 
sheets. 

1.  This  Is  clearly  shown  In  the  publication  of  the  twenty-slxtta  volume  of  tbe 
Iowa  Geological  Survey,  wbere  It  appears  that  while  the  area  occupied  by  the 
Wisconsin  Ice  lobe  Is  free  from  loess,  It  Is  accumulated  over  sharply  defined 
areas  to  tbe  cast,  to  the  south,  and  to  the  wesL  Such  a  distribution  could  not 
have  been  produced  by  the  prevailing  winds. 

2.  My  own  observations  Indicate  a  similar  relation  to  glaciated  areas  botb 
In  Europe  and  In  Asia.  The  southern  plains  of  Russia  are  covered  with  loess 
related  to  tbe  advance  of  the  great  Scandinavian  Ice-sheet  very  much  as  those 
of  Iowa  are  to  the  Wisconsin  Ice-sheet.  This  I  had  noted  especially  at  Kiev, 
on  the  Dnieper,  and  at  Rostov,  on  the  Don.  In  Asia  the  evidence  Is  Bi>ecially 
mnvincing  at  Samarkand,  where  the  Zernfshan  debouches  from  the  All  Tagh 
mountain  range,  which  stltl  supiwrts  glaciers,  and  at  Tashhent,  where  tbe 
Chlrdk  and  the  Kelea,  branchea  of  the  Syrdaria,  come  down  from  the  north- 
western projection  of  the  Ala-tau  range.  The  Chlnene  deposits  are,  on  the 
original  theory  of  Pumpelly,  sirailarly  related  to  the  glaciated  area  of  Tibet 

.3.  Extensive  and  minute  studies,  by  Miss  Luella  A.  Owen,  of  the  Hnall  ahells 
distributed  through  the  loess  at  Saint  Joseph,  Missouri,  show  that  they  arc 
si>ecle8  of  snail  which  delight  In  moisture  and  are  favored  by  a  cold  climate. 
Moreover,  these  species  are  still  living  In  the  small  streams  at  tbe  base  of  tbe 
loess  cliffs  at  Saint  Joseph. 

4.  The  distribution  of  the  loess  in  these  localities  by  water  Is  made  conceiv- 
able and  reasonable  by  the  facts  which  have  accumulated,  which  indicate 
enormous  floods  during  the  cloHlng  stageK  of  the  Ulnclal  epoch  and  also  exten- 
sive variations  In  laud  levels  connected  with  the  period. 

Prcwnteii  by  title  in  the  absence  of  the  author. 

VALLEY  aHAVELS  OF  SOUTH VEBTBRX  IOWA' 


(Abstract) 

An  extension  and  continuation  of  studies  on  gravel  deposits  of  Crawford 
Onnty.  Iowa,  begun  by  the  writer  ten  years  ago.  These  gravels  were  orlgl- 
nail;  thouglit  to  be  Aftonlan,  but  showed  no  features  supporting  such  a  hy- 
pdthemlii,  and  the  writer  reached  the  conclusion  that  they  were  Buchanan  or 
Tartnoath  or  later.  More  rec?ntly  Carman  has  studied  these  gravels  In  con- 
nection with  bis  studies  on  the  rieistocene  Geology  of  northwestern  Iowa,  and 
has  discussed  them  in  Iowa  Geological  Survey,  volume  XXVI,  pages  380-414. 
The  present  study  extends  the  Investigation  farther  south  and  east  than  waa 

'  ■■rintri  with  permlraloD  of  thf  Slate  OrologlKt. 
IV— Bri.r..  Okol.  Soc.  Am..  VuL.  33.  1020 
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IncludiMl  ill  Canuan'ft  territory  or  in  tbe  area  orlf^nally  examioed  by  tbe 
writer.  The  gravels  In  this  original  area  were  found  In  valleys  cut  in  Kassai 
drift,  and  so  t>elou);  in  the  aame  series  as  Cftrman's  Valley  gravels,  whicli  be 
defined  as  being  "those  gravels  which  occupy  valleys  In  the  Kaasan  area  Out 
could  not  have  been  reached  by  ontwash  from  tbe  Wisconsin  ice-sheet,  ud 
which  are,  therefore,  not  Wisconsin  gravels."  This  definition  has  been  adberrd 
to  in  the  present  study,  although  it  may  be  added  that,  even  in  the  case  i>t 
valleys  which  could  have  been  and  probably  were  reached  by  Wlscon^  flood- 
waters,  the  true  valley  gravels,  according  to  the  above  definition,  are  dlrtin- 
guishable  by  being  overlain  by  loess. 

It  Is  a  characteristic  ot  northwest  Iowa  thnt  the  Kansan  till  ia.  fresh  neailr 
or  quite  to  Its  surface,  In  contrast  with  the  Kansan  till  of  southern  Town. 
which  Is  leached  for  several  feet  below  Its  upper  surface.  ThlR  characterlfitlc 
seems  to  Imply  thnt  the  up[)er  leached  portion  of  the  till  was  eroded  prior  to 
the  deposition  of  the  loetffl.  It  is  probable  that  the  valley  gravels  owe  their 
origin  to  this  erosive  process,  which  was  concomltHUt  with  a  differential  uplift 
of  this  pnrt  ot  the  State. 

-  Every  stream  valley  heading  within  this  area  of  fresh  till,  so  far  as  tbew 
have  been  examined,  contains  valley  gravels.  These  are  In  great  part  over- 
lain by  loess  or  a  loess-like  clay.  The  same  Is  true  also  of  valleys  In  west- 
central  Iowa  which  head  south  of  the  area  which  was  so  distinctly  afte<1eil 
by  sheet  erosion  as  to  have  nil  Its  leached  till  removed.  The  west  margin  nl 
the  Wisconsin  drift-sheet  la  close  to  the  Mississippi- Missouri  divide  In  thl* 
region,  so  that  few  streams  In  the  Kansan  area  drain  eastward.  However, 
one  such  valley  was  examined  and  was  found  to  contain  abundant  vnllev 
gravels.  Nearly  all  the  streams  of  northwestern  Iowa  flow  southeast  or  south- 
west, but  at  least  one  northward  flowing  stream  Is  bordered  by  valley  grarrls 
as  abundantly  as  are  those  streams  flowing  in  tbe  normal  directions. 

As  to  tbe  date  of  their  formation,  these  gravels  are,  of  course,  pre-Peorlen. 
since  they  are  overlain  by  loess  which  Is  recogzilxed  at  present  as  being  of 
I'eorian  age.  How  much  older  they  may  be  la  uncertain.  As  they  ate  on- 
leached  and  unweathered  and  are  In  places  interleaved  with  loess,  they  would 
seem  to  be  but  little  older,  though  this  can  not  be  positively  afflnuefL  Tbey 
are  doubtless  derived  chiefly  from  the  Kansan  till.  They  must  be  dlfferea- 
•tlnted  from  the  so-called  Altonlan  gravels,  which  In  the  tj-pe  localities  Kiij 
has  shown  to  be  really  Included  masses  of  gravel  rather  than  intergladal 
horizon  markers.  They  are  also  distinct  from  the  gravel  bills  and  masses  of 
northwestern  lowii,  which  Carman  showed  were  likewise  included  within  the 
Kansan  till.  These  Included  masses  must  have  contributed  largely  to  the 
valley  gravels.  The  valley  gravels  He  Indiscriminately  on  Kansan  or  Nebrsi^ 
kan  till  and  are  found  at  different  heights  above  the  streams,  ranging  from 
water.level  to  fully  eighty  feet. 

Read  from  manuscript. 

Discussed  by  Prof.  J.  A.  Udden,  George  F.  Kay,  and  J,  Ernest  Carman. 

with  replies  by  the  author. 
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(Abttracl) 

1.  (ieiieral  phj'sloeruphlc  dwcrlpUon  of  the  locnltly. 

2.  Itelatlon  of  Glacial  deposUs  In  the  pliysloRrBpliic  ilevelopment  and  location 

of  section  studies. 
^.  DescrJptloQ  of  section : 

(a)  Lower  till. 

(b)  Interglaclal  sediments. 
(c>   Upper  till. 

4.  Comparison  with  coast  section. 

5.  General  iDferences. 

Read  by  title  at  the  retjuest  of  the  author, 

Presideut  White  withdrew,  affar  calling  Vice-President  A.  C.  Lawson 
Ic  the  chair. 


BT   W.   A.   JOHNSTON 

(Attatraci) 

Ini-estlgatlon  during  the  past  summer  In  the  Vancouver  region.  Brltlsb  Co- 
umlila,  has  shown  that  a  marine  horizon  occurs  in  the  Pleistocene  deposits  at 
various  places  and  at  various  heights  up  to  250  feet  above  sealevel.  The  ma- 
rine deposits  arc  overlain  In  places  by  till  and  In  other  places  by  outwash  de- 
IHwlts  nod  stratified  silt  and  clay.  They  art>  younger  than  a  till  which  overlies 
the  Admiralty  sediments  and  Admiralty  till,  as  referred  to  by  E.  M,  Burwash. 

The  field  evidence  and  probable  significance  of  the  occurrence  is  briefly  dis- 
cussed. 

Read  from  manuBcript. 

The  paper  was  discussed  by  Prof,  George  F.  Kay,  Dr.  J.  Harlen  Bretz, 
and  Dr.  E.  M.  Burwa.ih,  with  replies  by  the  author. 

Discussion 
I>r.  J.  Habuin  Bret:;:  A  shell-liearlng  clay.  UHKOciated  with  sand  and  gravel, 
lied  between  two  111!  sheets  In  the  northern  part  of  Whatcom  County,  Wash- 
inrtoD.  not  more  than  twenty  miles  south  of  the  international  boundary.  These 
till  sh«etn  He  above  the  Admiralty  se<]lments,  and  apparently  record  two  ad- 
vances of  the  Vashon  Ice-sheet  over  northern  Whatcom  County  and  the  pres- 
ence of  the  sea  there  during  the  Interval  between  these  two  episodes.  A  mar- 
ginnl  moraine,  one  of  the  most  prominent  in  the  glaciated  area  of  western 
Washington,  lies  just  miuth  of  the  region  of  the  shelly  clay  between  till  sheets. 
It  apparently  is  the  record  of  the  southernmost  limit  reached  by  this  readvance 
of  the  Vashon  Ice. 
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Dr.  E.  M.  BUBWA8H  :  I  was  Interested  Id  Mr.  Johnston's  new  evidence  >sto  | 
n  mirror  ice  readvance  at  the  close  of  the  Vashon  time.  Two  of  his  secttwa 
have  been  excavated  since  my  Beldwork  was  done.  The  third,  near  VUle 
Hock.  I  did  not  see.  Apart  from  the  data  now  adduced  by  Ur.  Johnstoo,  ttim 
Is  further  evidence  for  mirror  Ice  readvanced  on  the  Vancouver  Island  aide  of 
the  Gulf  of  Georgia.  At  Departure  Bay  a  section  examined  by  me  In  UN8 
showed  a  lower  till  sheet  orerlatn  by  well  laminated  clay  which  had  bcs 
lilancd  off  above  by  erosion.  Above  this  were  two,  it  not  three,  thin  tlU  shwB 
separated  by  somewhat  Invgular  water-laid  deposits  of  sandy  or  gravelly  tsv^ 
lirobably  outwaah  in  "some  cases."  ' 


(Abstract) 

A  study  wan  made  during  piirts  of  IDlt)  and  1020  of  the  chnracterlRllai  O^ 
tlie  lower  part  of  Fraser  Blver,  Brttinh  Columbia,  and  Its  delta.  The  luve*rtl- 
Kiitloii  liii'luded  observations  of  currents,  d etc nni national  of  the  amount  iin^ 
cimrncter  of  sediment  transported  by  the  river.  obser\'atioDs  of  water  density 
mill  temperature,  chiiracter  of  river  bottom  and  subaqueous  delta  materia'*- 
tiiid  changes  In  the  conditions  of  the  river. 

The  results  of  the  Investigation  were  briefly  given,  with  particular  refcreiit* 
Ic)  the  character  and  mode  of  deposlilun  of  the  sediments  an  influenced  by  tM 
various  (■urn-nts  and  by  the  Inleraetlon  of  river  water  and  sea-water. 

Iti'ad  from  inamiseript. 

SOTKf  f>.V  TUB  KBS'.VtCOTT  Qt.AClBB.  ALASKA 


(Abstract) 
llic  KiitherltiK  ((rounds  of  the  Kennecott  glacier  arc  In  the  Wrangel  MooO' 
Iiilns.  Alaska,  at  nn  elevation  of  over  16.000  feet.  The  glacier  extends  to  »*• 
elevation  of  l.SOO  feet,  where  It  has  a  width  of  five  miles.  Its  rate  of  move- 
ment tit  the  marKln  and  In  the  center  was  measured  over  b  period  of  374  daf« 
iiiitl  the  dntii  ai'c  presented.  Dlsconneeted  observations  are  made  In  regard  lo 
creviisses.  dlsimsltion  of  moralnal  material,  formation  of  esker-Uke  lateral 
nioriiliies.  subitliirliil  wlreiinis,  and  apparent  ghidiil  overriding  with  coarse  till, 
n.iw  heiiig  (leiMisid'd  c)n  top  of  Hiier  water-sorted  nuiterlHls. 

I'li'sciitcd  without  notes.    ' 

I'nif.  11.  T.  rirAMBEBijN:  I  have  been  greatly  interested  In  this  welcome 
pn|H'r  iin  a  glacier  which  has  afforded  such  an  excellent  opportunity  tor  tin 

•t*n-  "<'(intrlliiill'<nn  lii  CiiiiiKllKn  BlOloK)',  IIKM-IDIO,"  (luotlns  a  |)a.pcr  by  Utmeplusk 
l':xi|iilinall  ilrjii-Hk. 
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stud;  of  glacier  motloD.  Bnt  I  wlsb  to  emphasize  tbe  fact  that  Ite  alow  rate 
a[  morement  may  be  the  result  of  local  conditions,  and  that,  as  Doctor  Bate- 
man  says,  further  study  on  tbe  glaciers  nearer  the  coast  should  be  made  before 
It  Is  safe  to  generalise  for  tbe  region  as  a  whole. 

Dr.  A.  0.  Bates  :  I  measured  the  rate  of  flow  of  tbe  Bromley  glacier,  situ- 
ated Id  tbe  Portland  Canal  district,  In  British  Columbia,  about  teu  miles  south 
of  the  Alaskan  boundary.  As  tbe  results  have  not  been  published  and  may  be 
of  interest  in  the  discussion,  I  shall  give  the  data  from  memory. 

Two  observBttons  were  made — the  first  In  September,  1910;  the  second  one 
year  later.  The  average  rate  of  flow  was  about  one  foot  per  day.  Tbe  glacier 
flows  from  a  large  Ice-fleld  6,000  feet  and  higher  above  sealevel,  and  extends 
down  a  valley  about  one  mile  wide  (or  6  miles,  until  at  an  elevation  of  1,000 
f^t  the  end  glacial  stream  forms  the  headwatera  of  Bitter  Creek,  a  northerly 
flowing  tributary  of  Bear  KlTer.  Heavy  tripods  and  lined  in  by  a  transit 
were  placed  across  the  glacier,  one  mile  from  Its  lower  end  and  1,000  feet 
■part  Tbe  midstream  tripods  moved  down  atiout  400  feet  and  those  nearer 
tlie  shores  a  less  distance,  with  total  variation  of  about  100  feet.  The  end  of 
tlie  glacier  has  retreated  about  nO  feet. 

rnnTQLAClAL  CHA.\OEB  OF  LSVEL  IS   NEWFOUNDLAND   ASD  LABHADOR 

BV   REOINAUI  A.  DALY 

(AbitrtU't) 

Su»itectlng  serious  error  in  his  1900  measurement  iif  thf  amount  of  poMt- 
Kliicial  emergence  at  Saint  Johns,  Newfoundland,  the  writer  visited  the  Islarxi 
ilurlug  tbe  past  season.  He  has  found  that  tbe  icero  isobase  for  postglacial 
finergence  crosses  Newfoondland  from  a  point  on  the  west  coast  about  forty 
miles  north  of  Port-aux-Basgues  to  a  point  on  the  east  coast  between  Ca|)e 
Ronavlsta  and  Fogo  Island.  The  amount  of  emergence  Increases  northward, 
ojeusurlng  about  400  feet  at  Cape  Bauld,  Belle  Isle  Strait,  and  540  feet  at 
Ktirteau,  Labrador.  These  figures  for  tbe  north  agree  well  with  tbe  determl- 
nutioua  made  in  1900.  The  1900  measurement  for  Signal  Hill,  Saint  JoIuih, 
wiiH  completely  In  error.    Saint  Johns  Is  rather  In  a  belt  of  submergence. 

Presented  by  title  in  the  absence  of  the  author. 

ACCORDANT  LEVELS  IN   THE   WHITE  MOVNTAtXa 


{Abttract) 
The  high  level  "lawns"  like  Boott  Spur,  studied  by  Gotdthwalt,  may  repre- 
Kent  the  top  of  tbe  ice-sheet  for  a  time  prolonged,  but  not  that  of  maximum 
glaclatlon.  The  Cretaceous  baselcvel  seems  to  have  been  lower,  about  2,635 
feet  atMve  tide.  The  New  England  peneplain  has  been  rightly  followed  by 
lA>becfc,  but  is,  as  Barrell  bns  su)i:gested,  a  plain  of  marine  denudation,  and 
tlie  plain  about  1.100  feet  above  tide  has  In  many  places  overtaken  the  higher 
terracea  described  by  Barrell. 

Presented  by  title  in  the  absence  of  the  author. 
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la  tbe  coDBtructloD  of  tlie  Welland  Ship  Canal  at  Thorold,  Ontario,  beneatb 
20  to  SO  feet  of  sandy  clay  (iRmiuated),  tbe  ancient  rock  surface  bas  been 
eipowd  on  the  slope  and  face  of  the  Niagara  escarpment.  Almost  everywhere 
IbttUj  rests  directly  on  heavy  bedded  Niagara  ifmestone — smoothed,  polished 
tDd  (TDDTed — but  In  one  depression  wan  pronerved  a  small  mass  of  stony  tilt, 
■  Mulr  evidence  of  an  earlier  glacial  depoHit. 


Tlu  rock  wu  ezpnucd  In  coDSlructlng  llie  ship  CHtinl  at  Thorold,  Ontario.     Tile  Kladcr 
moved  al  right  angli-n  to  the  rock  fai'o. 

There  liad  been  no  further  erosion  of  eltlier  the  linrder  or  softer  strata  tliun 
tbe  truncation,  smoothing,  and  grooving  of  their  edgea,  as  the  glaciers  of  oil 
Ihp  fpuvhii  were  pushing  uji  the  slope  of  the  escan>ment  (which  now  risen  tu 
S3U  [*et  above  lake  Ontario),  In  direction  some  10  degrees  went  of  south,  tbe 
gMieral  course  of  the  escarpment  tteiug  nearly  east  and  wejit,  Tbe  two  later 
ind  fainter  sets  of  strlations  trend  south  westward.  Here  was  seen  tlie  mo^I 
perfe<t  f lample  of  weak  efTecU  of  glacial  erosion  In  tl)e  hike  region. 

In  qiy  original  contribution  on  the  origin  of  the  iuhe  liaslim  being  due  to 
Iiregladal  ralleys,  published  under  the  Inspiration  of  I'ruf.  J.  P.  Lesley,  the 
"liliirnity  of  the  glaclotlon  was  one  of  the  lines  of  evidence  which  I  then  sel 
forth.  Itul  here  we  have  alno  the  more  direct  pntof  of  the  ahsen<v  of  any  real 
iriirk  [lerformed.  Tlie  photographs  were  lakeii  Just  liefore  the  crest  wiis  bUi.-teil 
dway.  In  rktub^r.  1919. 
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E'lOciE  3. — Face  uf  lower  Ledge  of  Staoara  HtcarpmtKt 
The  rounded  and  irooTed  edge  li  produced  bj  the  lUcler  morlns  aeroM  II. 

PH.VSPI..IISAI.  AVFINITIES  OF  HIOH  I'LiTKAUX   liF  VTAII 
BV  CHARIJtS  B.   KETE8 

(ifigtracO 

I'ruiltgious  uulpoorliigs  of  lavas  over  the  Cordineran  re^on  of  weete 
Aniurlca  during  TertlHrj-  tinitm  give  origin  at  later  date  to  curious  lundjti-a 
IdlosyneraKlue.  Pliyslogruphlcully,  mesa  land  1»  almuiit  unlgue.  Nuwliere  e 
1111  the  fac«  ut  the  globe  ure  tbere  so  luaay  plaiialloii  levels  persisting  in  su 
i-lose  juxtujKttiltlou.  Nciwliere  else  are  so  aiany  dIstlDet  plaiiia  presented  f 
ubuve  another  through  &  mile  cif  air  above  the  present  general  plains  surfa 
or  in  old  ae<timonts  through  a  iqtaee  of  several  miles  below  the  same  surfit 
Nowhere  else  urn  cllniatlt:  eondltloiis  so  favorable  for  geiiei'al  plains  geues 
From  the  very  brgitmlng  of  each  geographic  cyi'le,  iilalii  Is  the  characterlsi 
and  dominant  laiidNCiipe  tyt^e.  I'liiteau  pliilii  of  the  desert  Is  the  reminisce 
record  of  Intracj-clc  planatlou  such  as  Is  pri'serveil  In  ni)  other  nttainmeiU 
liHselevel, 

Of  the  four  great  iH-nepIalns  which  spread  over  the  aiicei^lral  Rockies  sin 
the  close  of  Paleozoic  times,  the  MId-Tertlary  or  Miocene  savanna  seems 
he  represented  In  the  last  lingering  traces  by  the  summitnl  flats  of  the  hli 
plateaux.  When  these  few  all  hut  vanciulsiied  remnants,  the  high  jilateaux 
Utah  and  the  Mesa  de  Maya  of  the  eastern  side  of  the  Cordillera,  Bna 
wither  away,  as  they  will  shorlly,  no  positive  evidences  of  this  once  vi 
lieneplaln  remain.  In  the  high  plateaux  of  Utiih  lies  alst)  the  key  to  the  gene 
and  structure  of  the  (ii-eat  Basin  ranges. 

Preseiitfd  by  title  in  the  absence  of  the  author. 
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BY  E.  M.  KINDLB 


(ADHract) 

Rli<]e«  were  shown  ID uat rating  the  physical  feature  ot  Point  Pelee,  which 
was  described  a«  a  V-staaped  toreland,  about  nine  miles  Id  length,  chiefly 
manh  bordered  by  narrow  bands  of  sand.  The  nature  of  the  Gauges  which 
tbe  shoreline  of  the  point  has  undergone  since  1889  was  indicated  in  a  com- 
posite map  showing  on  the  same  scale  tlie  seven  Burrefs  of  the  point  which 
have  been  made  previous  to  1918.  Two  very  detailed  surreys  of  the  shoreline 
of  tbe  southern  portion  of  the  point  made  by  the  Department  of  Public  Works 
mglneers  In  the  years  1918  and  1920  were  shown  on  one  sbeet,  together  with 
ilie  lake  bottom  contours  down  to  a  depth  of  25  feet,  on  a  5-foot  Interval. 
These  two  surveys  were  made  In  years  when  the  lake  stood  at  nearly  the 
sume  level,  thus  eliminating  the  high  and  low  water  factor  In  modifying  the 
outline  of  the  shore.  Thette  surveys  showed  a  southward  exteuslon  ot  the 
iiarniw  tip  of  the  point  during  the  two  years  represeuted,  amounting  to  1,175 
teet.  During  tbe  same  period  a  cousiderable  portion  of  the  east  shore  showed 
some  eriwlon,  which  near  the  residence  of  tbe  captain  of  the  life-saving  crew 
reached  a  maslmnni  amounting  to  about  100  feet.  Tbe  southerly  portion  of 
the  west  shore  showed  a  corre.tpondlng  growth. 

Tbe  two  sets  of  soundings  showed  that  great  changes  in  the  bottom  topoR- 
niphy  had  occurred  during  the  two-year  period  included  hy  them.  On  the 
west  side,  near  tbe  tip  of  the  point,  the  contours  showed  a  maximum  westward 
movement  of  more  than  300  feet.  On  the  east  side  of  the  point  the  20-foot 
nintour  has  moved  eastward  lu  places  500  to  600  feet.  In  general  the  bottom 
on  both  sides  of  the  point  showed  a  more  gentle  gradient  In  1920  than  In  191S. 


I*resent«il  without  mauu script. 

BAi'KR/Mf.vrS  OK  TUE  FORMATION   OJf  BSKBK8  ASD  KAIIKS 
BY    HEBDUAN    V.    CLELAND    AND   PARIS    B.    STOCKDALE 

{Abstract) 
The  apparatus  used  in  these  experiments  are  described  and  the  preliminary 
results  will  be  presented.    Suggestions  and  criticisms  of  the  methods  and  re- 
sults are  desired,  in  order  that  the  authors  may  beueflt  by  them  lu  the  further 
e.iperimeDts  on  the  formation  of  these  glacial  deposits. 

Presented  by  title  in  the  absence  of  the  authors. 
Adjourninent  was  taken  at  5.15  o'clock. 


Sectional  Meeting,  Wednesday  Aftehnoon 

A  sectional  meeting  for  the  consideration  of  petrologic,  niliieralogic, 
and  economic  papers  met  in  one  of  the  recitation  rooms  in  Hosenwald 
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Hall  at  3.40  o'clock,  Wednesday  aftenioon,  under  the  chairmansli  ip  "^ 
A' ice- President  WiUet  G.  Miller,  with  Edmund  Otis  Hovev  serviiiiS  '^    I 
secretary.    The  first  paper  read  was  entitled  : 

A    KIQSIFICAXr  PETHOQHAPHIC    VSroSfDHMITY 


{Abntravl) 

Just  HM  111  rhe  flt'ld  of  HtratlKniiilu-  great  n-verHalw  of  the  regular  coun"^  "* 
s(-<Jinii'iitary  (li'vi-liitim(>nt  are  ludk-atetl  by  lulHUt  HtrueturvK,  so  altio  Is  it  <" 
the  Held  of  petrology ;  but  the  nature  of  the  evlilenee  diffprN  greatly  and  tl>* 
niHbiHl  of  luvextlfCHtliig  and  the  liiterpri-iatlim  criteria  lieluiiK  by  cuoiiu''" 
I'liiiseiit  to  a  brancti  of  tlie  science  not  usually  credited  with  historical  bearl"^' 
Some  of  theite  revi^rsals  in  rock  ili-velopment  and  tranxformatlon  are  wit  ^ 
1  onliMl  ut  all  In  utraliisraphlc  form. 

1 1  Is  iHMHible  iiIno  that  the  iialeoiietroloKlHt,  or  the  man  who  readn  the  niifi*^'' 
hlMlory  of  rockti,  may  add  to  the  underxtaiidint;  of  the  filgnlllninoe  of  the  i>*''"' 
iiiiry  uiiciiiifornilties. 

Head  from  maiiut^cript. 

lllirKK  OF  KOIl.tL.i   AMI  KKA.  Il.iWAII 
HX    IIK\KV   »,    WA«H1N(JT<IX 

(Ab»trai-t) 
'Hie  Koluila  Mouiilaliis.  ut  the  norlheni  end  of  Hawaii,  are  the  mlna  of       <*"' 
iilil>>st  of  the  hve  voliiniiH-s  on  tlii'  Isliiiid.    Si>  far.  the  lavaH  of  thin  center  Ik-*'^'' 
Ih-i-ii  i)ut  Utile  Ktudli'd,     The  ]ires<-tit  tiii|H-]-  Is  liii><e<l  on  material  collecte<  3      '" 

Se|.li.iiilHr.  11120. 

The  hivtiM  of  KidDihi.  for  the  uiomI  [itirl,  lieloiit,'  to  two  tyiN>s  of  alider'''"' 
liiisiilt  or  iiIIkik-Ii<s<>  iinileslle.  the  hawallle  and  knhaliilte  of  Iddlnipi.  Oii«>  '" 
ileiisi'ly  ii]i1iiiiillii-  mill  ii|ihyrli'.  mid  tlie  other  |ii)r|jh,vritlf.  with  many  pht."'*''' 
.rysls  ,.f  i.ljicicli.sf.  The  nvw  iiiuilyses  made  liidl.iite  that,  while  at  Kolw'"' 
IhiTe  Is  mil.-  cilfl-..iviu>>  lielweeii  tliciii.  y.-t  the  laviis  of  thiH  volcano,  on  tU*' 
whiile.  me  ■llMlnilly  iiicnv  iilkiillc  tlmn  thosi'  cif  ihe  riiTUt  volcauoea,  MaW"' 
I.OI1  iiiKl  Kllaui'ii. 

Tile  .-tuily  "t  the  liiviis  of  Miiuiia  K™  1h  Imsed  ildefly  on  material  from  tli«? 
lower  slopes.  .■siJi-i-iiiiiy  frmii  Ihe  hiwesi  H-.ws  rx|HBiiiI  In  ravlucH  along  Mk- 
...iisl.  and  ii..t  lic.rH..fi<rf  it.lliH't.vl  ..r  sfudli-ii.  .-iiii|ilc.mfiitiMl  hy  l)iily-8  Mtwly 
..f  liiviiH  from  (he  miiii'r  jijirts  of  ili,>  vi.l.-iiiio.  The  lav.is  miwtly  full  Into  two 
l.viies  shiilliir  111  Ilicisi'  of  KolDihi  and  are  siiiLiliir  eUeinieiilly  ;  they  do  not  Mip- 
|n.rl  tialys  suf;g.-stio[L  of  «ravilatlve  iiuitrol  al  this  v„li'iiiio.  A  recent  lnva 
a(  sealevel  has  a  eomiioshtoii  almost  l.h>iitU'ii1  wllli  .m..  eoilei'liHl  Uy  hlni  fn>iu 
tho  siiJiimlt.  The  analyses  show  that  (li.-rf  is  e.im[.aratlvel.v  little  differeiiw 
111  c'oiaiiositioii  lhn.ii;;lioiit.  The  |.a|it'r  Is  [.icllminar.v  l.i  „  iiir.ri'  general  study 
of  the  lavas  of  Hawaii  and  the  other  islands  of  the  i;ri.ii]..  IhisihI  on  rei-eiit 
<-olleelloUK  imide  li.v  the  iiilllioi'  and  olhers. 


■  'resented  withmit  niuiiii»'ri)il. 
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MICKOSCOPW  SECTIONS  OF  TILL  AND  STRiTlFIBD  CLAY 


To  grind  mitrroRcopIc  w<.-tlous  ot  tllltte  and  slHte  Ix  a  simple  matter,  but  to 
vlitala  Kooil  sections  of  till  and  stratlfled  ctay  in  wblcb  the  grains  have  not 
been  disturbed  since  deposition  Is  mure  difficult.  For  a  long  time  I  bave  been 
especially  desirous  of  bavlog  thtn  sections  of  till  and  elay  to  compare  Witli 
sections  of  tllllte  and  slate.  Heretofore  the  only  method  of  comparing  season- 
ally deposited  slate  layers  with  similar  clay  layers  has  been  by  taking  small 
amoonts  of  material  from  the  otiarse  and  flne  parts  of  tlie  yearly  components 
and  examining  the  grain  under  a  mlcroacoi)e.  Of  the  actual  structure  of  tlie 
rock  particles  and  their  attitudes  In  the  layers,  notlilng  could  be  known  except 
what  could  be  seeu  with  a  low-power  glass.  Berkey  was  able  to  study  the 
layers  In  tbe  Orantsburg  clays  in  this  manner  and  obtain  very  imiKirtant  re- 
sult»,  for  this  deposit  lent  itself  to  this  crude  method. 


FiafBE  1.— SecHun  of  Clay,  WooditdJe.  .VeuJ  Hampihire 

After  miiiiy  attempts  and  failures  to  obtain  a  satisfactory  microKcnpIc  sec- 
tion Insl  year,  I  .sought  the  advice  of  my  friend  and  colleague,  Prof,  R.  C. 
Jeffrey,  of  the  Botanical  Department  of  Har\'ar<1  University.  Through  his 
help,  after  several  unsuccessful  e\i>erlments,  a  method  was  devised  by  means 
of  which  sections  have  been  ground  without  disturbing  the  grains,  although 
It  has  been  Impossible  to  avoid  alliigetlier  cracks  In  the  coarser  clays. 

The  method  of  preparing  the  till  or  clay  specimens  for  grinding  Is  as  fol- 
lows: The  material  must  be  i)erfe<-tly  dried  in  a  warm  bath  from  seventy  to 
one  hundred  degrees  centigrade.  Owl  and  drop  into  chloroform  In  a  wide- 
mouthed  bottle.  Eihawtt  air  to  the  extent  of  one  atmosphere  by  high  vacuum 
air  ituaifi  iwed  fur  several  hours.  s<)  as  to  bring  alwrnt  oiimplete  penetration  of 
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the  chloroform.  Leave  over  night  in  a  tightly  stoppered  bottle,  In  a  warm 
both  Qt  a  temperature  o(  about  fifty  degrees  centigrade.  For  a  number  o( 
succeBslve  days  gradually  add  powdered  Canada  balsam,  from  wbleh  all  the 
turpentine  baa  previoUBly  been  driven  by  heat.  ThU  procetw  should  be  con- 
tinued lor  a  week,  and  when  the  balsam  has  become  as  concentrated  as  possi- 
ble, at  a  temperature  of  sixty  or  seventy  degrees  centigrade,  the  buttle  Is  tbm 
immerstHl  In  a  bath  of  water  at  the  boiling  point,  so  as  to  drlvt;  oft  all  tile 
<.-hloroform.  Tbla  will  take  a  day  or  two.  Finally  the  material  Is  kept  In  a 
bath  of  glycerine  (In  the  bottles,  of  course),  kept  at  such  a  temperature  as  to 
keep  the  balsam  melted  and  slightly  bubbling.  A  very  low  Bunsen  flame  la 
enough,  since  the  glycerine  storen  up  heat  and  readily  overheats  and  bumE  tbf 
balsam — a  result  to  be  avoided.  About  ten  hours  In  the  glycerine  bath  are 
enough.  The  pieces  are  then  pulled  out  of  the  fiuld  balsam  and  allowod  to 
cool,  when  they  are  ready  for  grinding. 


FiQi'HK  2.—Sertlo<i  of  Clan,  Woodarillc.  .Vcic  Hampthire 

To  grind  specimens  of  uuconsolidated  Hue  material  prcpiircd  in  this  wa}', 
considerable  care  must  be  taken,  wben  the  desired  thinness  Is  approached,  not 
to  disrupt  the  section.  They  are  not  quite  as  flrui  as  rook  specimens.  With 
care  and  patience  good  sections  may  be  made  by  one  used  to  grinding  rock 
sections,  although  a  novice  might  fail.  Another  dlfflculty  Is  In  avoiding  grlud- 
tng  marks.  Such  difficulties  as  these,  however,  should  not  discourage  any  ooe. 
for  many  good  sections  have  already  been  made  with  a  minimum  of  practli*. 

Cut  number  1  la  a  section  of  seasonally  deposited  clay  from  Woodsvllle, 
New  Hampshire.  The  top  of  the  winter  layer  may  he  seen  at  the  bottom  of 
the  picture.  Note  the  abrupt  chnnge  from  winter  to  summer  conditions,  as 
shown  In  the  sizes  of  the  grnius.  This  clay  is  extremely  fine.  The  long  parti- 
cles are  laths  of  serlcite.    The  magnification  Is  250  diameters. 
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Id  111!  nuinl>er  2  a  lower  magnlflctttlon  of  50  illamt^tprs  wus  used.  Here  the 
iliniiii  fhange  from  winter  to  Hummer  ts  seen.  Near  tbe  top  of  the  picture  Is 
'  lijer  of  flDfr  material,  denoting  very  quiet  water  conditions  for  a  short 
rirrlod.  sDd  this  BBBin  Is  fallowed  tiy  coarser  material.  In  the  entire  summer 
'ooixinnit  there  are  six  or  seven  Huch  changes.  When  this  clay  was  deposited 
fix  water  must  have  t)eeu  relatlrely  deep  and  very  quiet,  for  the  grains  do  not 
afrage  more  than  1/800  of  n  millimeter. 
Oit  namber  3  is  a  section  taken  from  the  blgtiest  and  thinnest  seasonal 
'"yera  at  Woodsville.  Here  the  water  was  shallower  and  the  materials  less 
I'lUfldant  than  in  the  layers  lower  down.  The  current  action  wiis  more  pro- 
"ciarad,  as  indicated  by  the  sizes  of  the  grains.  At  the  top  of  the  summer 
and  beginning  of  the  full  and  winter  component  some  coarse  grains 


FiGUBE  3. — Section  of  Ctav,  M'oorli i:f lie.  .Vnc  Hamprhlrr 

•*»*>  \»  seen.  Above  this  zone,  however,  the  grnliis  are  extremely  fine  through- 
out The  magniflcation  in  this  case  Is  35  dlametei^.  This  coarse  material  at 
t^t  f\A  ot  summer  and  beginning  of  fall  Is  also  characteristic  of  similar  layers 
>i>  the  Squantum  slate,  which  Is  n  glacial  slate. 

'  liave  given  wind  action  as  a  possible  explanation  of  the  coarse  grains 
»>li>f!l«d  Irregalarly,  or  In  a  definite  layer,  through  the  fine  material  of  au- 
'DD1D  or  spring.  The  beginning  of  cyclonic  control  of  the  atmospheric  drculii- 
tion  la  early  fall,  with  high  winds,  might  very  well  blow  coarse  grains  into 
tie  bssln  of  deposition  before  the  winter  Ice  cover  had  formed  to  prevent  the 
■cten  of  such  grains  to  the  deposit.  In  the  spring  the  melting  of  the  ice 
«ver,  with  its  included  sand  grains,  would  allow  these  grains  to  settle  to  the 
bottom.  Some  parts  of  the  ice  cover  would  have  more  dirt  than  other  parts, 
■nd  this  would  explain  the  less  frequent  occurrence  of  coarse  material  In  the 
Mriy  spring  horizon  of  deposition.    In  the  autumn  horizons  the  dndlng  of  the 
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coanie  grultiB.  altbough  not  Invariable,  is  a  very  mucb  more  common    J 
DomeDon  than  In  tbe  spring.* 

In  cut  number  4  there  is  shown  a  section  of  till  from  the  drumlln  ca. 
Wlutbrop  Head,  tn  Boston  Harbor.  The  magnification  in  this  case  is  abouC 
diameters.  On  tbe  left  Is  a  pebble;  then  comes  a  crack  separating  this  peL 
from  the  matrix  on  tlie  right.    The  Bnest  material  is  a  day.    A  microwi>pl 


Pial'iB  4. — SeetloH  of  Till  from  thf  Drumlln,  railed  WlnUiriip  Head,  Boilon  Harba 

<-xaniliHitiuii  of  this  fill  matrix  given  the  following  miuerals  In  the  ord<^r 
their  Importance:  scrlcltc.  <]uartz,  ortboolase,  microclinc,  mlcroperthlte.  oil 
I'taw,  andeaiue.  biotlte  (?),  hornblende,  and  olivine.  Some  of  the  feldxpar 
much  altered,  showing  kaolin.  Tlie  ollvlnp  nlHo  shows  mucb  alteration.  1 
Htructure  of  tbe  till  iice<b<  no  cxiilaniitioii. 

With  this  methiHl  of  tmnleiiluK  soft  mnlerials  for  tn'indiuK,  It  sliould  l>e  p 
Hilile  to  e.xamlue  iiiiiiiinT  depcislts  imw  formhiK,  and  thus  to  obtain  Rome  ii 
of  the  (mTcrpiii-o  between  our  i)n'Heiit  seasiins  and  the  seasons  of  Plelstoci 
and  earlier  times. 


UHTMIflltfll 


Tbe  |)ai>er  gives  the  results  of  studies  tendliiji!:  to  show  that  the  crystall 
chondrites  ns  well  as  ston»^  of  the  white  khi.v  and  Inrermedlnte  groups  or 
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nate  through  metaniorphldm  by  heat  and  perhaps  preHfure  of  the  tufaceouB 
fonos-    Tb«  evidences  of  this  are  briefly  Bummarlzed  as  followH: 

I.  By  beat : 

<1)  The  presence,  in  the  forms  mentioned,  of  the  Interntltlal  feld- 
!l*athic  glasR.  maskelynlte,  and  calcium  phosphate,  merrlllite. 

<  2)  The  absence  of  glasn,  other  tbun  niaskelynlte,  In  the  chondrules. 

<3)  llie  presence  in  the  interNtlces  of  fine  fcranular  polarizing  partl- 
des  uid  the  "netxhronclf  structures  of  Rerwertb. 


II.  By  B 

<1)  The  granulation  of  the  radiate  eustatlte  chondmles  and  Iheir 
fraduil  merglDg  into  the  crystalline  ground. 

<2)  Tbe  distortion,  and  at  times  almost  obliteration  or  destruction, 
ot  a  diondrite  of  whatever  type. 

I        The  paper  is  regarded  as  but  a  preliminary  aiinouiiccnieiit  of  results 
\     tu  be  givoi  in  detail  later. 

Presented  by  title  at  the  request  of  the  author. 

fOarsYRITIC  QRASITIC  QXKIBSEB.   IflTERPBETED  A8  LITPAKLIT 
I.VJECTIOyS  OF  SCHISTS 


(Abslracl) 

'^li'eiTttlon  of  a  so-called  porphyrltic,  gnelssold  granite  in  the  Salmon  River 
I'tDjon  of  Idaho  the  past  summer  convinced  the  writer  that  It  whs  an  Injected 
WWlle  schigL  The  case  was  described,  with  comments  on  others  of  similar 
lulnre  In  the  Bast 


I'fesenled  without  manuscript. 


f  ORjaiy  OF  ADIKOyDACK   i/AOHETITfJ   DEPOSITS' 

I  RT  WtLUAU  J.  MIMj:r 

f  (AhMracl) 

Id  IDin  the  writer  published  a  paper  on  the  "Magnetic  Iron  ores  of  Clinton 
('"ontj.  New  York"  (Economic  (ieology,  volume  14,  pages  501»-5:tf>),  special 
Bllenllon  being  given  to  the  elaboration  of  a  new  theory  of  the  origin  of  the 
an  deposlt.i.  particularly  the  large  deposits  now  being  mined  at  Lyon  Moun- 
Min.  Certiiln  criticisms  of  that  theory  have  been  published  by  Newlaud  (Rco- 
numlc  fieology,  volume  15,  1820,  pages  177*180).  It  Is  the  purpose  of  the 
pr^ieDt  paper  to  reinforce  that  theory  by  additional  evidence  from  field  and 
laboratory,  to  apply  tbe  theory  to  Adirondack  non'tltnntferous  magnetite  de- 
posits in  general,  and  to  answer  Newland's  criticisms. 
The  problem  of  the  origin  of  magnetic  Iron  ore  deposit.^  has  been  n  puzzling 

■  lliblisbfd  by  permlmlon  ot  tbe  State  Geclogl"!  uC  New  York. 
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one,  moch  dlBcussed  for  manr  years.  Any  light  wblcb  may  be  thrown  ou  the 
problem  by  a  study  of  the  Adirondack  magnetltce  Is  of  special  laterext,  Ik~ 
canse  they  comprise  some  of  the  most  Important  deposits  on  the  contlwni. 
enpeclallf  those  now  being  worked  at  MlnevlUe  aad  Lyon  Mountain  and  Is  tlie 
abandoned  mines  at  Hammond  rill  e.  Host  of  the  Important  mines  have  beoi 
visited  by  the  writer. 

According  to  the  writer's  theory,  a  gabbro  or  metaKabbro  older  than  tk 
great  eyenlte-^ranlte  series  was  the  main  or  sole  source  of  the  magnetite  de- 
IHislts,  and  the  derivation  of  the  ore  from  the  gabbro  and  its  concentralion 
into  large  deposits  was  accomplished  by  the  Intrusion  of  the  syenlte-granlK 
magma,  more  especially  Its  residual  pegmetltlc  and  sUexltlc  portions,  rlcb  in 
hot  gases,  vapors,  and  fluids  (mostly  water). 

The  almost,  if  not  quite,  constant  direct  association  of  the  non-tttanlferoos 
magnetic  Iron  ores  throughout  the  Adlrondacks  with  granite,  partlcularlf 
where  It  is  rich  In  pegmatite  or  sUextte,  and  an  older  metagabbro  (In  mtaj 
raoes  more  or  less  thoroughly  Injected  or  assimilated)  is  a  fact  which  cao  not 
1)0  too  strongly  emphasized.  One  of  Newland's  main  crltletMns  is  that  "admii- 
tiire  (of  the  granite)  with  foreign  material  seems  to  have  no  bearing  on  tbe 
dlHtrlbutlon  of  tlie  ores  In  general,"  except  to  some  extent  in  the  Lyon  Monn- 
taln  dlMtrlct.  With  this  statement  the  writer  flatly  disagrees,  and  this  dis- 
agreement Is  based  on  a  great  many  observations  made  at  magnetite  localllli^ 
throughout  the  Adirondack  region  during  the  last  fourteen  years. 

Newland  Is  very  skeptical  In  regard  to  the  derivation  of  the  ore  from  I1)p 
old  gabbro  and  says  that  convincing  quantitative  evidence  Is  lacking,  and  llils 
In  spite  of  the  fact  that  detailed  statements,  backed  up  by  chemical  analyses, 
are  presented  In  the  writer's  paper.  Field  studies,  supported  by  study  of  many 
thin  sections,  shows  that,  in  and  around  the  ore  deposits,  tremendous  quanti- 
ties of  Iron-poor  dlsllage  have  results  from  transformation  of  the  Iron-rlrb 
minerals  of  the  old  gnbhro  by  the  action  of  the  granite  magma  and  pegmatltr. 
Obviously,  then,  large  amounts  of  iron  oxide  were  set  free.  But  what  became 
i>r  HO  much  Iron  osldc?  According  to  the  writer's  theory.  It  was  taken  up  In 
the  pegmatltlc  solutions,  carried  along,  uanally  not  very  far,  and  concentratnl 
as  ore  deposits.    How  would  Newland  answer  this  question? 

Newland  thinks  there  Is  no  difficulty  In  the  way  of  explaining  the  ore  de- 
posits as  magmatlc  segregations  In  the  granite  Itself.  If  the  ores  are  straight 
magmatlc  segregation  deposit  of  the  granite,  why  did  not  at  least  some  de- 
posits of  considerable  size  develop  well  within  portions  of  the  granite  free 
from  admixture  with  old  gabbro? 

Pro.'H'nted  by  title  in  the  absence  of  the  author. 

MAQSETITES  OF  AORTH   CAROLISA—THEIH   OltlQI^ 
BT   WU.L1AU   SHIRLEY  BAYIfT 

{Abstract) 

In  his  discussion  of  the  magnetite  ore  at  Cranberry,  North  Carolina.  Mr. 
Keith  ascribed  Its  origin  to  solution  emanating  from  the  "Bakersvllle  gabbro." 
which  he  t)elleved  to  be  of  Jurstrlas  age.    In  the  summer  of  1919  tbe  magnet- 
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lln  of  wentem  North  Carolina '  were  examined  and  It  was  discovered  that 
Clw  CraDberrf  magnetite  rein  is  much  older  than  Juratrlas  time,  since  ita 
pMgne  Is  crushed  and  la  penetrated  by  veins  of  pegmatite  which,  so  far  as 
fcnowD,  occur  only  In  the  pre-Cambrlan  rwks  of  the  district.  Consequently 
tbe  ore  deposit  could  not  have  owed  its  existence  to  the  Bahervllle  gnbbro,  if 
tliLo  is  Jaratrlas. 

The  iiangue  of  the  Cranberry  ore  Is  characterised  by  an  abundance  of  epl- 
dnte  and  hornblende.  The  epidote  is  clearly  derived  from  the  feldspar  of  a 
pepiatlte  and  the  hornblende  from  pyroxene. 

The  pegmatite  appears  to  have  been  an  augitlc  variety  and  the  magnetite 
Ibit  fonuB  the  ore  bodies  Is  closely  assuclati'd  with  It. 

After  describing  several  thin  sections  of  the  ore  and  gangue,  the  conclusion 
In  reached  that  the  ores  are  prc-Cambrian  in  age  end  that  they  were  deposited 
br  an  JDimslon  of  pegmatite  which  brought  with  It  richly  ferriferous  solutions. 

The  iKanlferous  ores  of  the  region,  on  the  other  hand,  are  believed  to  be 
pnetlcallj  connected  with  peridotltes,  since  serpentine  or  some  similar  mineral 
Is  ncarlv  always  associated  with  them. 

Read  from  manuscript 

Professor  Bavley's  paper  was  discussed  by  Professors  T,  L.  \Vat8f)n  and 
IS.  Grant,  with  reply  by  the  author. 

DiacuBBios 

ftuf.  T.  L.  Watsos  :  Of  the  two  principal  ty|>es  of  magnetite  deposits  In 
western  North  Carolina,  titanlferoua  and  non-tltaniferous.  Professor  Bayley 
n^rdK  the  latter  of  pegmatltlc  origin,  while  the  genesis  of  the  former  is  In 
^M,  because  of  lack  of  sufficient  data  reRiirdlng  them.  At  one  locality  only 
"fre  the  ore  bodies  found  In  asKoclatlon  with  limestone. 

Similar  lens-shaped  bodies  of  magnetite  of  varying  size  niid  richness,  includ- 
ing Ittaniferous  and  non-tltanlferous  varieties,  occur  in  many  localities  In  the 
Bine  Kidge  anil  Piedmont  Plateau  provinces  of  Virginia.  So  far  ns  these  have 
limi  lDreHtigate<1.  most  of  them  are  apparently  inclosed  in  crystalline  schists, 
■iih  which  they  usually  conform  In  structure.  Some  of  the  ningnetlte  lioilies 
"(the  Piedmont  province  are  Intimately  nssncloted  wllh  qunrtzlte  and  cryn- 
tilline  limestone,  while  at  least  a  part  of  those  of  the  Blue  Ridge  province  are 
■iHociated  with  rocks  of  undoubted  igneous  origin.  The  geology  of  the  Vir- 
Klnta  maBiietlte  iKKlles.  now  under  Investigation  by  the  Virginia  Ceologieal 
Sarrf)-,  strongly  snggests  that  a  common  genesis  can  not  be  ascrihc<l  to  alt  of 
Ihem.  bnt  that  several  different  genetic  types  are  represented. 

■^f.  W.  S.  Batley  :  Three  types  of  magnetic  ores  are  to  l>e  found  In  Ashe 
''"Qiily,  So  far  as  I  know,  the  titanlferons  ores  are  associated  with  perldo- 
i)i«.  and  the  noii-litaniferous  siliceous  ones  are  associated  with  rocks  like 
ilinse  It  rranl>erry.  These  I  think  are  pegmatitic  In  origin.  Of  course,  this 
feport  Is  preliminary  only.  So  far  as  I  have  seen  the  non- titanlferons  mng- 
netltes  of  Ashe  County,  they  are  Identical  in  all  respects  with  the  ore  at 


i-r,  Folio  No.  H 
OK  Soi'.  Asi.. 
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VilBALT-ailSKEL-COVPER-LBAn  DEPOSITS   OF   FBBDBRWKTOWN.    UlgBOVRI 
BY  W.  A.  TAHB 

(Abttract) 

TlipjM'  Interesting  oobalt-nlckel-copper-lead  depoKlts  have  been  worked  more 
or  Ions  for  lead  for  :JO0  years,  but  only  wlthlu  the  last  20  years  has  nu  attemiit 
been  made  to  produce  the  firHt  three  metalK.  Tlie  cobalt  and  nickel  ot-rur  as 
liniiielte  and  the  copper  as  ehalcopyrlte.  TheKe  minerals  are  more  or  lesu 
Iiiter^Town  and  are  associated  with  pjrlte,  Hjialerlte.  and  gallua.  Tlie  ores 
(H.-Fur  at  the  top  of  the  I^  Motte  HaudHtone  (Camlirtan)  and  at  the  base  of  the 
Itonneterre  dolomite  (Cambrian).  Some  poflt-mlnernllzatlon  faulting  has  oc- 
curred. The  Iwarhig  of  the  origin  of  these  depo»Us  on  the  origin  of  the  lead 
deposits  In  Missouri  la  discussed. 

Presented  by  title  in  the  a)>s<fiice  of  the  author. 

UbOLOOIV  HinrOKY  or  the   COROCOHO   copper   district.    BOLIVIA 
nV    JOSEPH    T.   SINOEWALI),    JB..    ANU   EUWARD    W.   HBBBY 

(Abstract) 

A  more  detailed  study  of  the  <!^rocoro  copiier  district  is  Bolivia  than  lias 
tillherto  been  attempted  has  developed  the  fact  that.  Instead  of  the  two  series 
of  strata  previously  recognized,  the  Corocoro  sediments  Include  three  thick 
series  of  beds.  In  addition  to  the  well  known  "vetas"  and  "ramon"  in  a  third 
group,  llthologi cully  similar  to  the  "ramiw,''  but  unconformably  overlying  both 
the  "vetas"  and  tl)e  "riiuios."  which  is  colled  the  I  )esa{|:uadero  series.  Detailed 
measured  sections  of  part  of  the  "vetas''  and  of  tlie  "ramos"  include  over  3,000 
feet  of  the  former  and  12,000  feet  of  the  latter. 

The  "vetas"  contain  cupriferous  horizons  tbrouKhout  the  section,  and  miiny 
of  these  beds  Include  an  iibundance  of  fossil  phmts  of  Pliocene  age.  r»cally 
the  "vetas"  consist  of  large  t|Uiintltles  of  froKnicnts  of  porphyrltlc  rocks  of  the 
same  character  us  the  Tertiary  igneous  Intrusions  of  Ihe  region,  showing  that 
the  nilnerallzntion  follnwi-d  after  the  Igneous  activity.  The  age  of  the  "ramos" 
cun  not  lie  so  dertnltely  ttxiil,  hut  they  iiri'  also  mlneriillKcd  over  a  wide  range 
of  the  section  and  are  olilcr  thiin  the  period  of  niincrallnitlon.  A  macrauchenls 
skeleton  found  in  Ihc  "riniios"  uial;cs  them  of  cither  I'llocene  or  Pleistocene 
age.  .\  footprltil  of  iiti  cilcnialc  Is  nil  that  tiic  1 'esaguiiilero  series  at  Corocoro 
has  yielded  In  tiic  wny  of  fossils.  It  indhiilcs  a  lute  Pliocene  or  l'leisti«vne 
age  for  tlio.se  Iwds.    They  are  unmlncra lined  ami  yonnjier  than  the  minerallza- 

tiO[|. 

The  ge.)loKic  history  of  the  district  portrayed  l.y  tlio  Corocoro  rockn  com- 
mences In  the  PlhH.fne  with  Igneous  activity,  during  which  the  deposition  of  a 
Hrvtit  tliiekiipss  of  lern-strlal  .sediments  was  Inltltiteil.  .\fter  the  depoxitlon 
of  the  "vetas"  and  "ranios,"'  they  were  njiliflifl.  lilted,  and  faulted.  Mlner- 
allzjitlon  followiMl  these  dlstnrliunces,  after  which  sedimentation  was  resumed 
and  the  Desajnnidei-o  si-rles  was  laid  down.    The  district  was  then  a^ln  the 
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Mst   of  tectonic  dinturbarices,  which  were  followed  by  the  preecut  cycle  of 
eraeton. 

Presented  by  the  senior  author  without  manuscript 

80UIS  COSCLVaiOSS  I.\  RBOAKD  TO  THE  ORIOIS  OF  OYPeVH 
BT   FBARK   A.    WILDER 

While  the  salt-pan  theory  for  the  origlii  of  gj-pHum  has  been  generally  ac- 
i-epted.  Its  dlfflcaltleB  have  been  generaUy  recognfswd  and  have  often  been 
pointed  out  While  admitting  that  this  theory  best  explains  some  gypsum  de- 
posits, It  seema  probable  that  many  important  bodies  of  Kypsnm  owe  their 
origin  to  other  causes  and  oondltlona. 

Professor  Stlegtltc  has  demonstrated  that  gjpsum  deposits  that  are  free 
from  calcitun  carbonate  can  not  be  accounted  for  by  the  salt-pan  theor}'. 
Tiypstun  deposits  of  relatively  recent  origin  of  the  aalt-pan  type  are  lees  Impor- 
tant than  those  having  different  origin.  Prpsent-day  gypsum  deposits  are.  for 
Ibe  most  part,  efflorescent  depositH,  periodic  lake  deposits,  spring  deposits,  and 
liepoalts  due  to  the  alteration  of  carbonate  to  sulphate.  There  is  reason  to 
believe  that  many  Important  gypsnm  deposits  of  earlier  periods  owe  their 
origin  to  similar  causes. 

Presented  without  notes. 

DiBCUSBtOR 

Prof.  J.  VoL.NET  I^wiH :  Surface  efflorescence  is  quite  general  over  the  out- 
crop of  gypslferous  Jurassic  strata  in  Wyoming  and  Utah.  Commonly  this 
tabes  the  form  of  spongy  crusts,  but  in  places  along  the  stream  channels  pow- 
dery and  granular  gypslte.  quite  comparable  to  the  Alamorgorda  sands  in 
character,  but  very  limited  In  quantity,  has  accumulated.  Concentration  by 
ground  water  is  also  responsible  for  gypsnm  veins  in  many  places,  and  the 
■inestlon  has  arisen  In  my  mind  whether  even  some  of  the  purer  Intercalated 
g}-psnm  beds  themselves  may  not  have  originated  in  the  same  way. 

FLOODIXa   OF  oil,  WELLS  BY  FRF.BH  WATER 


{Abtlrar-t) 

It  Is  well  known  that  oil  wells  are  fre<iuently  flootled  by  (resli  water,  coming 
either  from  the  surface  or  from  i>orouH  strata  penetrated  by  the  well.  The 
older  view  was  that  the  hydrostatic  pressure  of  the  water  entering  from  above 
forced  the  oil  back  Into  the  rocks,  or  perhaps  forced  It  off  to  some  other  outlet. 
This  theory  will  not  explain  the  failure  of  many  oil  wells  caused  by  the  en- 
trance of  fresh  water. 

In  many  of  these  wells  the  oil  when  pumped  out  is  mixed  with  salt  water, 
and  yet  If  fresh  water  enters  in  any  considerable  quantity  the  oil  ceases  to 
come  and  only  water  can  be  pumped  out. 
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It  iM  HugeeHted  that  tbln  la  b  surface  tension  phenomenon.  The  pores  In  tbt 
ruck  through  which  the  oil  mores  are  very  small,  yet  large  enoi^h  so  that  tbe; 
are  not  completely  sealed  by  the  capillary  action  of  salt  water  with  Its  kIb- 
lively  low  surface  tension.  When  this  salt  water  is  replaced  by  or  diluted 
with  fresh  water,  the  surface  tension  Is  Increased  and  the  pores  in  the  rodu 
are  etTpctlvely>sealed.  Oil  can  no  longer  pass  through  them,  but  water  na 
pass  as  usual.    Tlie  oil  Is  still  in  the  rock  but  it  can  not  get  out. 

Presented  by  title  in  the  absence  of  the  author. 
The  sectional  meeting  adjourned  about  5.30  o'clock. 

ANXDAL   DINNEB 

The  annual  dinner  of  the  Society  was  held  at  7  o'clock  Wednesday 
evening,  at  the  Chicago  Beach  Hotel,  in  conjunction  with  the  Paleonio- 
logical  SiKiety,  the  Mineralogical  Society  of  America,  the  Society  of 
Economic  Geologists,  and  guests.  About  175  persons  were  present  ami 
the  affair  was  most  enjoyable. 

President  White  presided  at  the  opening,  and  after  introductory  re- 
marks proposed  that  a  telegram  expressing  the  sympathy  of  the  Society 
be  sent  to  its  former  President,  Prof.  A.  P.  Coleman,  who  was  in  the 
hospital  recovering  from  a  serious  operation,  and  that  a  telegram  of  greet- 
ings and  best  wishes  be  sent  to  another  former  President,  Prof.  J.  J- 
Stevenson,  who  is  confined  to  his  home  by  the  infirmities  of  age. 

On  motion,  the  Secretary  was  unanimously  instructed  to  forward  tlit 
messages.' 


■  The  telpgnma  were  as  folloira  ; 

i'rof,  A.  P.  CoLEU.tv, 

Toronto  Orncrnt  HiHpllal,  ToronU;  tiiKaita: 

firoloBlcBl  Society  of  America,  awsroblfd  it  lis  nn 

niul  dinner,  nrada  fan  cordial  fntt- 

inm  and  best  vlsbea  For  a  apeed;  recovery  la  beelth 

IlapDy  New  Year  I 

RUUCID    OtIB    HoTET,    fttCTtttr]). 

Dr.  J.  J.  Stevensos. 

SIB  Wl-li  IOt«(  Btrrtt.  .Vcio  Vor*  City: 

(leoloKlcal  Soctely  of  America,  aaaembled  at  Its  ann 

UBi  dinner,  a«ndii  iranneal  [mllnp- 

to  you,  im  Iwlovpd  rormer  I'rMldent.  and  beat  wlabet 

for  a  HappT  New  Year. 

Rdmukd  Ores  HovBT,  ntcrtmn. 

21."i  West  101st  8t«ert,  Xew  York  Citv,  Jantiarg  1.  1021- 
IT.   i:,   (>.    II.H-KV. 

Hcrretam.  (IfoloiHiat  KmMy  of  Amciira. 
Mv   J)KAB  Sib:   Your  leteKram  reached  me  loo  Jale  on  Thuraday  for  Inmedlale  reply, 
sn  It  would  not  reach  your  hotel  until  a/ler  adjournment  of  ttie  Society.  »o  ackniwledi!- 
ment  haa  1>eeD  deterred  until  now. 

A  man  would  have  to  be  more  or  Iraa  tban  human  In  order  to  be  Indifferent  to  ■ 
meaaase  auch  aa  that  sent  by  you.  Itelnit  only  a  mere  man,  1  am  deeply  moTPd  l)y  It; 
the  more  ao  becauae  during  more  than  twelve  yeara  I  have  been  abut  olT  from  the  meet- 
\am  nnd  have  lii-conie  little  more  than  only  a  name  to  almoal  ■  majority  of  tbe  Frlloo'*- 
Ite  BBKuriMl  that  I  am  icratetul  tor  the  remembrance. 

Sincerely  youra,  J 


D.gitizecbyG00glc 


ABSTRACTS    OFVArEKS  69 

Doctor  White  then  surreadered  the  chair  to  Prof.  James  F.  Kemp,  who 
«rved  ti  toBstmaster  for  tlie  remainder  of  the  evening.  The  following 
men  icsponded  to  hia  genial  demand  for  remarke:  Prof.  T.  C.  Cham- 
berlin,  Dr.  R  A.  F.  Penrose,  Jr.,  Dr.  Philip  S.  Smith,  Prof.  F.  B.  I^oomis, 
Dr.  (Wrge  H.  Asliley,  Prol.  F.  E.  Van  Horn,  Prof.  H.  L.  Faircliild,  and 
Pruf.  X.  C.  Lawsou. 


Session  of  Thursday  Mornino,  December  30 

The  Society  convened  in  the  auditorium  of  Rosenwald  Hall  at  9.55 
u'tlock  ThiiFBday  morning,  President  I.  C  Whit«  in  the  chair.  Tliere 
liein^  no  businesB  to  transact,  tlie  presentation  of  the  papers  on  the  pro- 
gram was  taken  up  at  once, 

TITLK  AND  ABSTUAITS  OF  PAPERS  PRESENTED  AT  THE   MORNING  SESSION 
AND    DISCUSSIONS   THEREON 
HmXT  WHEEl.KR  AXD  LBHMAS   CAVE,   WHITE  PI\K  COUyTY,  NUrADA 


(Abulract) 

Tbc  trip  from  Kl.v,  Nevada,  up  Steptoe  VBlley.  across  Shell  Creek  Ranfie, 
^irlii^  Vullpy.  and  Snake  Hange,  to  the  cave  tu  Siiiike  Valley  at  foot  of  enitt 
lUuli  at  Mount  Wheeler,  describing  the  bird's-eye  vtpw  en  route  of  Mount 
ffWIer  uplift,  with  photos. 

Awut  of  Mount  Wheeler,  glimpsing  the  atratlgrapby  on  the  east  and  north 
*Hiea,  as  Mplrully  exposed  from  bawe  to  summit.  An  Inclusion  of  Ncblst  In  tbe 
"Wer  granite,  with  photos. 

&p  and  photos  of  tbe  cave  Interior.  Tiescrtptlon  of  Its  structure  and 
aialfslt  of  tbe  wblte  and  blue  lime  walls  and  nraKonlte  depoHlt. 

niiwJlniv.  Wlinellme.  Blue  lime.  Slalagmltp. 

SiO,  0.24               0.19               0.57  0.10 

Al,fl,   O.le               0.18               0,13  0.04 

Fe,0,   0.24               0.24               O.fB  0.01 

faO  53.74  55.28  53.96  55.00 

MgO 1.54               0.26               0.91  0.18 

HO,   0.03               O.Oi)               0.05  0,14 

Wster,  100°  C 0.06             0.02             0.26  0.3« 

O),   43. 8«  43.67  43.35  43.37 

ItDitlnn  loss  0.22             0.03             0.13  0.89 

Total lOO.lO  99.97  100.01  100.10 

PrCTenled  by  title  in  the  absence  of  the  author. 
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QEOLOaiCAL  ilOTBB  ON  PiLKBTIKB 
BY  B,  W.  BBOCK 

lAbttract) 

The  rocks  range  from  pre-Cambr)an  to  recent,  but  the  country  Is  UDderlaUi 
largely  by  CrelaceouH  limestODes  and  recent  basalts. 

The  main  structural  features  are  faulting;  the  Judean  bill  country  Is  an 
asymmetric  fault-block.  Fault-blocks  usually  sink  without  much  tilting,  but 
the  Jebel  Usdum  block  is  upturned. 

The  topography  Is  dependent  on  structure,  even  down  to  details.  Some  of 
the  vtilcaiioes  at  leaxt  hare  been  extruded  from  faults.  The  Jordan  trench 
was  filled  to  a  height  of  about  1,400  feet  above  the  present  level  of  the  Dead 
Sea  (luring  a  pluvial  period,  perhaps  coincident  with  the  glacial.  Tbere  has 
been  no  marked  warping  since. 

The  prepluvlal  canyons  of  the  rivers  Amon  and  Zerka  Main  Indicate  a  cli- 
mate slightly  drier  than  the  present  and  a  rapid  change  to  pluvial  condltiona. 

The  beds  laid  down  by  the  disappearing  Jordan  I>ake  were  formed  wltbln  a 
period  of  less  than  30,000  years. 

The  salts  in  the  Dead  Sea  that  have  not  yet  reached  the  saturation  point 
would  be  accumulated  in  less  than  50,000  years. 

Geological  evidence  points  to  a  dry  climate  ever  since  the  pluvial  period.  At 
present  the  climate  is  a  little  less  arid  than  formerly. 

Presented  from  notes  and  with  the  aid  of  lantern  slides. 
Discussion 

Prof.  A.  C.  Lawson  :  Modern  earthquakes  in  the  r^on  of  the  valley  of  the 
Jordan  show  that  the  movements  which  gave  rise  to  the  graben  are  still  going 
on.  I  should  like  to  ask  if  the  old  lake  beds  of  the  valley  show  the  effects  of 
faulting,  or  whether  the  valley  which  traverses  them  Is  due  to  erosion  as  the 
waters  of  the  lake  All. 

The  nutluir  replied  to  Hoi-tor  tjiwsoii ;  The  liike  beds  show  very  slight  faults, 
but  Ibe  Mtrtking  festure  is  Ihelr  undisturbed  condition,  notwithstanding  that 
movements  and  heavy  earthiiuakes  are  Ntlll  taking  such  as  that  which  de- 
stroyed TIberliiK. 

Til  a  iiuerv  reganling  the  occurrence  of  pelroleum,  tlie  author  said;  There 
ore  II  few  oil  sei>pii(!e-'  In  the  Xubiini  sniiilstone.  on  the  east  shore  of  the  Dead 
St'a,  from  the  lower  lieds  of  the  Upiwr  Cretaceous  toward  the  southeast  end 
of  the  Deiul  Sii  The  floating  asjibalt  Indk-ateK  secimge  from  the  fault  In  the 
bed  of  the  south  lue<><iii 

f7\  1/  \TiUfh  n  Tilt  PHrciooii.irmr  fadlvtios  of  the  sax  jvax 


The  Held  studies  on  the  ph.vslojrraiihy  of  the  San  Juan  Mountains  have  been 
reported  on  from  time  to  time  at  the  meetliiRs  of  this  Soclet.v.     As  the  studies 

'  ITpM-nteil  with  llic  iHTmlsKlun  uf  Ihp  J>lrpct<>r  of  the  I'.  S.  (iuciloKlcal  Surver. 
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bave  proKfesaed,  more  and  more  details  have  been  worked  out,  and  during  the 
past  season  the  worfa  at  tbe  eastern  margin  of  the  range  led  to  certain  cod- 
iMiiHlons  H8  to  the  relatlonablp  of  tbe  physiographic  history  of  the  mountain 
raage  to  that  of  the  San  Luis  Valley.  Ad  excursion  was  made  southward  into 
New  Mexico  for  correlation  purposes,  and  a  more  extended  excursion  was 
made  to  the  southwest  over  the  Colorado  Plateau  to  correlate  the  great  physio- 
graphic surfaces  within  the  mountain  areas  with  those  of  that  famous  plateau. 

Presented  without  notes,  with  the  aid  of  diagrams. 


{Abitract) 
JIammallau  remains  recently  collected  In  southwestern  Idaho  Indicate  that 
the  Payette  formation  is  not  Eocene  (?),  but  Middle  or  Upper  Miocene,  that  a 
younger  formation  of  Pliocene  age  is  also  present,  and  that  the  Idaho  forma- 
tion Is  Pleistocene  Instead  of  Pliocene.  The  rhyollte  flows  are  mainly,  if  not 
entirely,  iate  Miocene  or  Ixiwer  Pliocene,  and  the  eldest  basalts  are  Middle  or 
rpi)er  Miocene  and  no  doubt  reijreaent  part  of  the  Columbia  River  lava  series. 
I'lebilocene  basalts  also  occur.  Tbe  results  tend  to  Indicate  that  the  Idaho 
erosioa  surface  is  Neocene,  possibly  Pliocene,  In  age,  Instead  of  Ek>ceiie. 

Presented  by  title  in  tlie  absence  of  the  author. 

PHYHlOGIt.lPHlC  DIAOKAil   OF   THE   VyiTED   STATES 


iAttttract) 

TTntltie  the  usual  block  diagram,  this  one  avoids  distortion  due  to  perspective. 
A  base  map  of  the  United  States  on  a  scale  of  1 :  2,500,000  has  been  used.  The 
original  drawing  Is  thus  about  76  x  48  inches  in  slse  and  Is  to  be  reduced  about 
one-slxtb  for  publication,  giving  a  final  scale  of  1 :  3,000,000.  The  topographic 
features  of  the  country  are  to  a  certain  extent  exaggerated  and  Idealiied  with 
tbe  purpose  of  suggesting  the  underground  structure  and  its  relation  to  the 
topography. 

The  map  Is  Intended  for  use  In  teachlDg  regional  pbysiogrsphy  and  geology 
of  the  United  States  and  as  a  base  for  laboratory  exercises  with  clas.'^e.s. 

It  has  been  prepared  with  the  additional  puqioae  in  mind  of  using  it  as  a 
base  for  the  plotting  of  the  statistics  soon  to  appear  In  tbe  new  Censu-s  reports. 
Owing  to  the  fact  that  it  Is  not  distorted  and  that  it  is  based  on  a  map  of  the 
country  showing  county  boundaries,  it  will  be  possible  to  prepare  an  outline 
county  map  to  assist  In  plotting  data  relating  to  population,  agriculture,  mil- 
roads.  Industries,  forests,  mining,  and  Irrigation,  as  these  data  are  given  by 
counties  In  the  Census  reports.  Thus  the  diagram  can  l>e  used  to  work  out 
geographic  and  physiographic  control  as  It  has  been  exerted  on  human  affairs. 
Bence  It  will  be  of  value  not  only  to  the  phyidographer  and  geologist,  but  to 
tbe  geographer  as  well. 


Presented  without  manuscript,  with  maps. 
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TRUE  BPHBRB  OF  PBTROLOQY 
BY   CIIABLES   P.  BBRKEY 

(.Abttract) 
Petrt^rapbers  have  been  so  occupied  wltb  the  task  of  averting  and  clBssif;- 
log  and  grouping  together  so  many  hlatorlcallj'  quite  unlike  things  that  thow 
who  naturally  follow  the  leaden;  in  their  science  have  entirely  missed  ita  trup 
Held,  both  In  its  educational  and  its  geological  benrlngn.  An  attempt  will  be 
made  to  point  out  what  this  sphere  Is. 

Read  from  manuscript. 

roLCAxoLoar  of  the  bawaiia\  iblaxdb 

BY  H£::<itr  a.  washinoion 

{Abtlract) 

A  hrtef  account  was  given  of  the  general  voleanology  of  the  Islaudfi.  TLe 
well  known  ijuccessluu  from  northwest  to  southeast  wa»  pointed  out,  anil  tlie 
coincidence  l>etween  this  and  the  same  succe^islon  In  the  progrens  of  Pele,  the 
goddess  of  the  volcanoes,  according  to  native  legends,  was  mentioned.  After  a 
brief  account  of  the  petrology  of  the  Islands,  the  dominance  of  basaltic,  and 
to  a  leas  extent  of  andesitic.  lavas,  with  the  Mporadic  occurrence  of  trachytlc 
and  other  alkallc  types,  wbh  described ;  the  paucity  of  our  knowledge  of  the 
lavas  of  most,  or  nil,  of  the  islands  was  dwelt  on,  and  the  need  for  further 
collection  and  study,  both  In  the  field  and  In  the  lnlK>ratory,  was  urged. 

There  would  seem  to  be,  ho  far  as  one  may  judge  from  the  present  Insuffi- 
cient data,  a  distinct  variation  In  the  chemical  composition  of  the  erupted 
magmas  with  time,  the  earlier  flows  being  generally  more  sallc  and  more 
alkalic.  and  the  later  ones  more  femic  and  more  calcic.  Many  more  analyses 
are  needed  to  solve  the  problems  presented.  TUe  suggestion  was  made  that 
possibly  beneath  the  great,  recent  flows  of  basalt,  as  at  Mauna  I^oa  and 
Kilauea,  are  cores  of  much  more  alkalic  lavas,  possibly  trachytlc  or  phonolltlc. 
which  represent  the  earliest  plin.-<c  of  volcanlcKy,  such  as  are  seen  at  Perm 
and  Arci,  in  Sardinia,  and  at  other  volcanoes. 

The  fact  that  all  the  Inclusions  In  the  lavas  throughout  the  Islands  are  of 
Igneous  rooks  (giililiros,  pyroxeiiltes,  IbersMllleH,  and  dunltes)  and  tlie  com- 
plete absence  of  inclusions  of  continental  rocks,  such  ns  gneisses,  schlstn. 
quartzltes,  or  limestones,  wus  pointed  out  and  the  l>earing  of  this  on  some 
problems  of  the  insular  botany  and  zoology,  postulating  the  existence  of  a 
former  continental  mass  or  connecting  bridges,  was  mentioned. 

Presented  without  manuscript,  with  lantern-slide  illuetrationB. 

Off/O/.V  AKD   COUPdlSITIOX  OF  CERTAIX  OIL  BHALES 


{Abxlract) 
This  paper  comprises  part  of  a  preliminary  report  on  the  mlcroscopicfll 
study  of  oil  shales. 
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A  shale  Is  generally  defined  as  a  rook  formed  by  the  consulldatlon  o(  clay, 

mad,  or  silt,  having  a  fine  laminated  or  fiselle  structure.    When  such  a  rock 

™iains  bltumlnoua  or  organic  matter  enough  to  yield  oil,  gas,  and  tar  on 

Jisilllalloa,  it  Is  called  oil  shale. 

The  I'horolate  shale  of  the  Devonian  of  Illlnola  has  formed  the  basis  of  this 
stndj.  The  New  Albany  Black  shales  of  Indiana  and  the  Ohio  shales  of  Kou- 
tiH'lif  Here  also  studied  and  closely  compared.  Shales  of  other  geological 
(unMiloDS  and  from  other  iitates  and  countries  were  also  compared. 

Tbe  ull-bearing  shales  from  the  Devonian  of  Illinois,  Indiana,  and  Keatnckj' 
lie  guile  Mnillar  and  what  is  said  of  th%  one  Is  true  of  the  other  with  but 
ffw  eiceptlons. 

Tbe  shale  Is  in  the  main  composed  of  three  distinct  components',  clay, 
P.m[e$,  and  organic  matter.  These  three  constltuentit  vary  In  proportion 
(run  place  to  place  and  from  layer  to  layer,  sometimes  In  close  succession. 
Ibe  da)-  may  be  said  to  form  the  base  In  which  the  other  components  arc 
iinMdfd.  and  generally  constitutes  the  largest  proportion. 

The  main  bulk  of  the  clay  consists  of  very  fine  grains,  but  Intermixed  with 
'bU  Ls  always  a  varying  percentage  of  larger  crystalllue  grains.  The  finely 
<Urlil«i]  clay  can  not  ordinarily  be  distinguished  from  the  organic  matter,  eveu 
it  hlfber  magnification,  while  the  larger  grains  are  easily  distinguished  at  a 
iuiealfl<»tloQ  of  from  200  tu  1,000  diameters. 

Ttie  organic  matter  consists  largely  of  spores  or  spore  matter,  some  cutlcular 
nutter,  and  uu Identifiable  darker-colored  organic  matter.  At  a  magnification 
"1 W diameters  numerous  rather  large  spores  are  clearly  seen  to  tie  Imbedded 
Id  a  mass  of  light  to  dark  grayish  brown  color,  together  with  numerous  opatiue 
Brii»  particles.  Several  types  of  these  spores  are  distinguishable.  Some  of 
tbem  are  probably  the  spores  called  Spwangites  huronen»i»  by  Dawson. 

-Il  a  much  higher  magnification,  at  1.000  diameters  or  over,  the  organic 
lutter  lying  between  the  larger  spores  is  resolved  mainly  into  four  kinds  of 
'^wstituents ;  (1)  fragments  of  the  larger  spores  In  all  stages  of  comminution; 
'-)  v«r)'  small  thln-walled  spores ;  (3)  cutlcular  matter  In  all  stages  of  com- 
oiimtioD,  and  (4>  darker-colored  organic  matter. 

The  amaller  spores  are  very  poorly  preserved  and  are  recognized  with  dlfll- 
'^ij.  The  darker-colored  organic  matter  la  not  Identifiable,  but  probably 
Mutliutes  the  degradation  matter  of  various  plant  tissues  and  siibntancen, 
Uitle  or  no  resinous  matter  is  present. 

Very  small  globules  of  pyrites  are  quite  uniformly  distributed  through  the 
■tale.  The  particles  are  quite  similar  to  those  found  in  the  coals,  but  ai'e 
"""  noKormly  distributed,  much  more  numerous,  and  on  the  whole  smaller 
in  slu  than  those  In  the  coals. 

'ismples  of  oil  shnle  from  Scotland  were  found  to  be  very  similar  to  the 
"evunian  shales  of  Illinois,  Indiana,  and  Kentucky.  Oil  shiiles  of  the  I'otts- 
villeot  Kentucky  are  also  similar  to  these,  but  contain  a  larger  proportion  of 
"rganic  matter  other  than  spores. 

Presented  with  the  aid  of  lantern  slides. 

iJoctor  Thiessen's  paper  was  discussed  by  Dr.  David  Whitf,  but  furtlier 
'iiscuesion  was  postponed  to  tlie  afteniooii  session  and  nt  12.30  o'clock 
fwpss  for  luncheon  was  taken. 
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Session  op  Thursday  Afternoon,  Dhceubek  30 

The  afternoon  eession  began  at  2.07  o'clock,  with  President  I.  C.  White 
in  the  chair.    The  discussion  of  Doctor  Thiesaen's  paper  was  continued. 

I>I8Cl'SBION    OF   DOITOR   THIESSEX'S   PAPRR    CONTINUED 

Prof,  Frank  R.  Van  Hobn  :  1  would  like  to  point  out  to  Doctor  TbeLwiai 
that  a  probable  reHsou  for  the  Morcellus  shale  differing  In  Htnicture  from  the 
Devonian  shales  of  Illinois,  Tennessee,  and  others  of  later  age  from  Colorado 
and  Iliah  Is  that  the  Marcellus,  li»iny  exiierlence,  Is  more  hlghl]'  calcareous. 
It  Is  filled  with  bracblopod  remains.  Correspondingly,  it  Is  less  dense  and 
therefore  more  porous  and  hIIowh  later  structures  to  form  In  three  dlrectioiiii 
across  the  t»eddlng  and  la  not  limited  to  two  directions  In  more  dense  allia- 
ceous shales. 

The  constant  presence  of  pyrlte  In  all  these  xectlons  may  throw  considerable 
light  on  the  formation  of  concretions  and  possibly  on  their  origin.  In  a  prevl- 
oua  paper  Dr.  W.  A.  Tarr  argues  for  the  syngenetlc  origin  of  coneretlous. 
Some  of  the  shales  In  this  paper  certainly  show  that  these  pyrlte  cubeti  and 
concentric  concrellons  were  formed  later  than  the  stratiflcatlun  planes.  I  wisb 
alHO  to  suggest  tliat  these  pyrlte  concretions  may  have  been  formed  by  lie 
reduction  of  ferrous  sulfate  solutions  by  the  large  amount  of  vegetable  matter 
In  these  oil  anil  other  shales.  AH  are  familiar  with  the  Ironstone  concretions 
from  MaKun  Creek,  Illinois,  with  the  fosHtl  forms  at  their  centers.  I  ooce 
heard  of  a  mouse  falling  Into  a  Jar  of  Iron  sulfate  and  being  converted  com- 
pletely Into  pyrlte.  I  think  we  have  here  ;in  analogue  caused  by  vegetable 
matter.  I  feel  that  many  other  pyrlte  or  marciisite  concretions  may  have  brta 
formed  tn  a  slmltaf  manner.  As  to  the  original  source  of  the  Iron  solutiun^ 
I  have  no  suggestions  unless  they  came  from  previously  overlying  strala. 

TITLES  AND  ABSTKACTS  OF  PAPEBS  PRESENTED  AT  THE  AFTERNOON  SR.1SI0S 

AND  DISCITSH10N8  THKItJX)N' 

nEMOKSTItATION  MATERIAL  I.V  OKOLOOT 

(Abstract) 
This  paper  describes  some  demonstration  material  which  the  author  has 
found  useful  In  the  teacliing  of  geology  In  the  lecture-room  and  Inboratory. 
It  Is  offered  in  the  hope  tlint  some  plan  will  he  suggested  by  which  all  teach- 
ing geologists  may  be  able  quickly  to  learn  of  useful  apparatus  or  mwlels  that 
have  l>een  devised  and  where  and  how  espe<'lally  desirable  speeimenn  of  weath- 
ering structure,  ores,  etcetera,  may  be  obtained. 

Presented  by  title  in  the  ah.^ence  of  the  author. 

CRYPTOVOLCASIC   STIit'CTURE   IS'   OHIO    Of   THE    TYPE    OF    THE   BTEISBEIU 
BY    WALTER   H.   nUCIIEB 


Tlie  Steiuhelm  Basin  Is  a  circular  structure  less  than  IH  miles  in  diameter. 
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lurated  Id  the  nearly  level  strata  of  the  Swablaii  plateau.  In  Itfl  center  the 
teds  have  been  raised  nearly  500  feet  above  their  normal  level,  while,  sur- 
mmdlng  Ibis  central  uplift,  a  ring-shaped  area  has  been  depressed  by  a  Bimllnr 
■Donat  below  the  original  level,  being  separated  from  the  undisturbed  strata 
of  the  plateau  by  strong  faults.  With  the  possible  eicwptlous  of  the  near-by 
Me^JuHln,  It  has  tbus  far  been  the  only  luiowu  representative  of  this  tfpe  of 
stradure,  for  which  Branco  and  Fraas  have  proposed  tlie  term  "cryptovol- 

A  strictly  analogous  structure  in  Adams  County,  Ohio,  measuring  over  four 
[Bilts  Id  diameter,  was  mapped  by  the  writer  In  the  summer  of  lOlfi. 
Il  was  discussed  with  the  aid  of  the  geulogical  map  aud  of  diagrams  and 

lAotDgraphs. 

IVsented  without  manuscript. 

Discutwed  by  ProfessorB  T,  C.  Chanibertiii,  G.  11.  C'liatlwick,  antl  W,  A. 

Tot. 

moSlBLB  CAUSE  OF  THE  I.QCALIZATIOS  OF  THE  MAJOR  nEOBmCUS'Efl 
ny   WALTEH  H.   Bl'CHEB 

(Ab»lraet) 

Tbe  Misting  theories  which  attempt  to  explain  the  narrow  belts  of  Intense 
totdlng  In  contrast  with  the  large  unfolJed  elements  of  the  earth's  surface  are 
Meqnate,  because  they  all  fall  to  account  simultaneously  and  satisfactorily 
[or two  most  fundamental  facts;  the  rising  of  the  mountain  folds  out  of  pre- 
eiltUng  geosyncllnes  and  the  design  formed  by  these  labile  belts  on  the  earth's 

Hiug'a  reconstruction  of  the  gwisyni'llnes  of  post-Paleozoic  time  was  dls- 
'^O'smI.  Special  emphasis  was  laid  on  the  parallelism  existing  between  these 
^^wyndines  and  those  of  Paleozoic  time,  and  its  bearing  on  those  parts  of  his 
tTOMlructlon  which  at  first  glance  seem  purely  hypothetical. 

Th«  result  of  a  series  of  simple  experiments  ma<le  by  the  writer  were  pre- 
*nted.  In  which  this  design  has  been  duplicated  In  all  Its  essentials  tlirough 
Uie  deformation  of  glass  Hi)heres  In  a  manner  which  directly  Implies  the  possl- 
bilttj  of  the  formation -of  geonynclines  along  the  prescribed  lines  on  a  sphere 
of  tbe  earth's  constitution. 

An  interpretation  of  these  results  in  the  light  of  the  deformation  character- 
iiitJc  of  the  geosyncllnal  belts  was  offered. 


Presented  without  manuscript. 


POSTGLACIAL  FAVLTlyO   ABOUT  MOUNT   TOBY.   MASSACHUSETTS' 
BY   F.    B.   LOOMtS 

The  subject  of  faulta  of  iMstglncIal  age  has  received  some  notice  In  New 
fork  and  New  England,  small  faults  In  the  Champlaln  clays  and  breaks  In 

'  UaoPKrlpt  rw;elvi><l  bs  the  Sfcrptary  of  tlie  Society  Janunry  13,  1021. 
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the  continuity  o(  the  glaciated  surfaces  from  other  places  being  reporteil, 
these  have  all  been  matters  ot  a  few  Inches.  The  escarpmenta  about  Mu 
Toby  have  been  discussed  before  tbttt  Society'  and  their  cause  attribute*: 
plucking  by  the  glaciated  ice.  It  Is  almost  a  tradition  that  New  Engliiiiil  i 
not  offer  recent  diastrophic  movements. 

Two  years  ago,  needlug  a  much  more  accurate  map  of  the  Mount  Tuby  gr 
than  any  which  have  been  made  to  date,  J  set  my  geology  class  to  mapiihig 
region,  both  topograph  leu  I  ly  and  geologically,  and  the  accompanying  map, 
ure  1,  la  the  result  One  feature  came  out  from  tbe  first.  The  shoreline  of 
postglacial  Lake  Hadley  was  not  where  It  was  supposed  to  be.  Shortly  al 
the  glacial  ice  had  disappeared  Mount  Toby  was  surrounded  on  the  soi 
west,  north,  and  part  of  the  east  by  this  considerable  sheet  of  water,  nu<l 
streams  from  the  mountain  brought  Into  the  lake  quantities  of  gravel  f 
sand  which  were  deposited  In  a  very  pretty  Rerlea  of  deltas  at  the  moutb 
each  valley.  The  largest  of  the  deltas  Is  th^t  of  the  Long  Meadow  Bruol: 
In  figure  1),  around  the  southeast  and  south  end  of  tbe  mountain,  a  delta 
tending  two  miles  or  more  along  the  base  of  the  mountain  and  wltli  a  wii 
of  a  mile  or  mure  In  places.  Today  It  stands  aIniOKl  perfect,  except  for  ii  sm 
notch,  where,  since  the  draining  of  tlie  lake,  the  brook,  after  crossing  the  de 
top.  has  cut  a  Hinalt  piece  out  of  the  margin.  This  notch  Is  unusually  M 
l>ecause  the  brook,  except  In  lilghest  water,  sinks  Into  tbe  gravel  of  the  del 
disappearing  until  It  reaches  the  margin  of  this  big  deposit.  The  level  6t 
on  the  top  of  this  delta  stand  at  340  feet  above  sealevel,  conforming  with 
level  of  the  shoreline  along  the  cast  side  of  the  valley  hereabouts. 

Traveling  from  this  delta  along  the  west  side  of  Tohy,  the  nest  delta  Is  t 
of  Dug  Brook  (6  In  figure  1),  a  small  stream  whl<-h  has  built  a  deltii  of  M 
fifteen  acres  on  the  top :  but  this  level  delta  top  stands  but  280  feet  above ' 
level.  From  here  northerly — In  fact,  from  /  to  c  In  figure  1 — the  sboreltn' 
Ijerfectly  develope<l  as  a  sandy  bench  from  25  to  300  feet  wide  on  toii.  1 
continues  up  to  a  marked  escarpment  (r-n  In  figure  1).  the  whole  dlstu 
from  the  Long  Meiidiiw  delta  to  the  escarjiment  being  about  three  miles, 
yund  the  esciiriimcnl  the  shore  Is  traced  by  a  series  of  small  deltas  and  a 
perfect  shore  liench.  I'Ut  is  along  ihe  ^4<>-root  level  nguln. 

The  cscanuneni  wblcli  cuts  the  sliorcllnc  is  n  clean-cut  fault,  or  rath« 
double  fault,  for  the  des<'eiil  from  ttie  u|>per  to  the  lower  level  Is  made  In 
Ktii)s— the  lli-Ht  of  fifl  ffet,  the  secnnd  of  TO  feet.  This  fault,  when  first  enc 
teriHi  cuttliii;  the  shoreline,  trends  north  1ft  liegri'es  west  for  a  quarter  > 
mile  out  iiil"  tbe  nid  hike  Iwitlom:  then  if  ni.ikes  an  nliniiit  turn  to  norti 
degrees  east  and  ciiiitinui-H  a  mile  and  more,  jrradnally  getting  lower 
Itnally  dtsa]>|>enriiig.  Tlil.s  fault  cuts  tbe  course  of  two  bnwks,  and  each  t 
bles  over  tbe  esmrpments  in  twn  waterfalls.  M  ilie  edge  of  each  fall 
niarij;ln  of  the  escarpment  Is  sciir<'ely  iintHied.  shmvlni.'  Miat  these  l>n) 
Ihougti  iu  s|Jiintf  tbi-y  i-nrry  bfiivj  liiirili>ns  of  smid.  htivc  not  yet  bad  tlia- 
wciir  down  tbe  ed^e  to  ii  niatcrlat  e\teiif.  Tiiis  fault  must.  then,  be  of  li 
itge  than  the  period  ot  the  jmslglnclal  Ijike  Hadley.  which  was  emptied  by 
IHistgliicial  uplift  "f  N>w  KiiglMKil,  the  amount  of  njilifl  for  this  region  be 


=  11,  K.  KniiTnou:  Tin-  ,>ln]ii,'S  un<]  iwli-nil  Iitvb.'i'h  ot  Muuiil   Ti.hj.     mm 
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Hccurding  to  KalrchUiI.'  some  300  feet — leta  to  the  south  and  uore  to  the  north, 
i^urb  aD  upltft  would  be  expected  to  cnuee  some  rraeturing  of  the  unequally 
aCTectpd  1and-ma»t.  ThU  fault  la  described  in  detail  heoaiL-ie  It  can  be  posi- 
tively dated — that  is.  between  the  time  of  Ijite  Hartley  and  the  present. 


— Jfup  of  ilOHnI  Toby.  .Ifuniri 


c)u  Mimnt  Tot)y  there  are  dojsenfi  of  fault  escarpments  hreaklnc  the  glaeler- 
snioothed  roek  aurfat*.  whteh  about  here  Is  so  little  weathered.  The  Sunder- 
IiiikI  Cave  1h  such  a  i'Ht<e.    Here  three  parallel  Juhits  have  formed,  outtlnliig 


'II.   I..  PalrchlM:  I'notKlBc 
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HiutiU  blue-kit.  Of  thift>e  lilot-kH  Ihe  nortliernuost  has  dropped  bIx  feet;  tl 
one.  without  diiiiipliig,  ha»  tipped  to  the  north  and  reats  against  the  first 
leaving  a  space  two  to  nix  feet  wide  between  the  blocks.  Thla  Is  tbi 
Ou  the  south  Bide  of  thla  Inst  hlock  a  corresponding  crevice  gapes  w 
opening  some  ten  feet  wide  at  the  top  and  narrowing  toward  the  rubbls 


bottom  far  heluw.  The  to|>s  of  these  bloi'kK  m-e  cliK-hiti'd,  the  wuIIh  ar 
and  II n weathered,  and.  though  siuall,  the  fiiiill  Is  very  young.  Ou  the 
west  corner  of  the  miinntiiln,  iieiir  the  so-called  "Benrs  Ik'n."  Is  anothei 
joints,  the  luTKest  of  which  i;u]h-s  iind  i.bf)11i'd  with  debris,  a  liny  brool 
Mating  iu  IL     This  trendu  nortiioiisterly  and  l.s  crossed  by  a  iiurth-ti 
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fnult  on  wblch  the  westerly  block  has  dropped  some  20  feet,  aiwl,  tlltliig  liack 
aplDst  the  fault  face,  makes  a  depresHloD,  now  occupied  by  a  frog  poud.  Beck 
o!  the  Tj'ler  camp  Is  an  escnrpment  M)  feet  high,  with  an  entirely  fresh  and 
uiiweatbered  face,  and  one  triangular  block  some  20  feet  wide  Is  caught  and 


ri.ii'HE  S.—llrooli  taUina  oier  Fault  Etrafpment,  e-Iue  of  ahlih  Ig  not  i/et  eroilcd 

ip(t  hanging iia If  way  down  the  fault  fate.  I  could  euuiuorale  twenty  more 
^uch  woarpmeuts  on  Mount  Tohy  of  five  to  r>0  feet  liigli,  with  (rewh  and  un- 
wmtheivd  faces,  and  with  glacliT-smmrthe^l  top  MurfacvK  wtlll  extant.  In  gen- 
eral, one  set  uf  faultx  trends  north,  varying  Mouie  t«ii  deKrcfs  elllier  way,  and 
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the  sei^tiil  xet  buH  a  iinrtheast  trend ;  but  them  vary  more  than  tbe  firft  set 
The  umall  atreame  CBRcade  over  tbese  eBcarpmeiite  and  bave  not  cut  Into  tbe 
inargiuM  moterlally. 

If  the  contour  of  streum  iiroflleH  meaiiH  anytblng.  there  are  still  other  steep 
Hlu]>eH  which  aeem  to  be  faults  of  slli^btly  older  appearance,  but  t<tlll  post- 
glacinl.  The  whole  mountain  groui) — north,  east,  south,  and  west-— has  streams 
with  broken  profiles,  and  elltTs  occur  on  every  side,  though  more  nttuDilantl}' 
on  the  west.  There  are  one  or  two  banging  valleys  which  have  been  attributed 
to  Rluclers  forming  In  the  group ;  but  there  do  not  seem  to  me  to  be  any  indi- 
nitioDS  uf  ice-flelds  (cirques)  or  glacial  valleys.  Faulting  explaiiiH  all  tbe 
banking  valleys  much  more  simply,  especially  when  It  is  established  thftt  post- 
glueial  faulting  occurred  here  on  tbe  scale  of  the  fault  that  has  Just  been  de- 
scribed as  cutting  the  shoreliue. 

In  the  Hulyoke  range  and  out  among  tbe  rdham  Hills  there  are  several 
sharp  and  clean-cut  ericarpmeulF:  which  tiave  every  appearance  of  l>clDg  post- 
glacial In  age,  since  tbe  glaciated  surface  is  brolten.  While  to  date  I  have  not 
found  others  which  cut  a  postglacial  shoreline,  I  am  convinced  that  there  has 
licciL  considerable  faulting  in  and  about  tbe  Connecticut  Valley  some  time  since 
glacial  times. 

I'ruf.  W.  H.  HoitBs:  1  think  I  can  add  evidence  of  similar  sort  from  the 
region  of  tbe  Frivel  River,  Western  Ontario.  In  a  fortnight's  canoe  trip  made 
in  lt)19  within  that  region  It  was  discovered  that  whereas  tbe  district  is  one 
of  almost  no  cover  of  unconsolidated  materials  and  the  hard  pre-Oambrian 
rocks  are  shaped,  scored,  and  polished  in  the  most  striking  fashign,  yet  for 
loiiK  rliMtarices.  sometimes  a  mile  or  more,  escarpments  run  parallel  to  the  river 
courses,  aii<l  on  these  escarpments  no  trace  of  Klaclal  action  Is  to  be  tounii. 
Siinie  of  these  escarpments  were,  liy  estimate.  KM)  feet  or  more  In  height. 

If  I  Nwm  to  be  oflTerins  this  proof  of  my  thesis  offered  before  In  tlicso  ses- 
siiiiw.  Hull  the  .\tlantlc  reclt.n  Is  in  repose,  liy  contrast  with  the  I'aelflc,  It  is     - 
i-viill,v  sr.  Lilly  in  iipiM'iiniii.T,     Tile  iiinliliit.v  r.f  tile  earth's  crust  in  Ihe  I'acllic     ■ 
urea   is  yet   vastly  nioi-e  molille  tfli.l  Ibe  .Atlantic  i-cfilon   liy  contrast   |)roiK'rly 
ilesirilicil  HK  nearly  at  rest. 

.•iiiiMFii-AM-H  (IF  rut:  in:i..\ri'i\  tiy  ritiiiKinriDK.iN  REUAi.vti  to  the 


[Kriitl   l,ifi,n-   Ihr 
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INTBODUCTION 

Two  tusks  and  some  limb  bones  of  b  mammoth  or  mastodon  were  found  re- 
rentl;  In  the  base  of  Kansan  till  which  overlies  Nebraskan  Kumbotll,  about 
four  miles  Boutbeast  ot  Osceola,  Clarke  County,  Iowa.  It  1b  the  purpose  of 
tbla  paper  to  describe  briefly  the  chief  features  of  these  remains  end  to  Indl- 
(9te  the  probable  signtflcaBce  of  their  relatlanshlpB. 

HiSIOBT  or  THE  DlSCOVEBY 

In  August,  1020,  Messrs,  Earl  Cox  and  Sharon  Warrick  uncovered  a  tusk 
wben  they  were  grading  a  north-south  wagon  road  In  tbe  sontlieni  part  of 
the  northwest  quarter  of  section  3,  Oreenbay  township.  Later,  at  the  same 
place.  Hr.  Cos  and  Hr.  Fred  Stubbs  began  to  excavate  with  the  hope  of  flnd- 
iog  the  other  parts  of  the  animal  from  which  the  tusk  had  come.  They  soon 
dug  tip  a  second  tusk  and  some  limb  bones.  Unfortunately,  on  exposure,  the 
iDska  and  bones  quickly  disintegrated,  so  that  when  the  place  of  discovery 
was  visited,  In  the  month  of  October,  It  was  possible  to  see  only  the  fragments 
uf  the  remains  and  some  of  tbe  molds  of  the  bones  In  the  clay  from  which  tbe 
foHslU  had  been  taken.  Thanks  are  due  Mr.  Fred  Stubbs  for  furnishing  Infor- 
mation about  the  bones  and  for  ]iolntlng  out  the  positions  which  tbey  had  be- 
fore they  were  removed.  Professors  A.  C.  Trowbridge.  A.  O.  Thomas,  and 
R.  W.  Cbaney,  of  tbe  Department  of  Geology  of  the  State  University  of  Iowa, 
also  vldted  the  place  of  discovery.  Bach  of  tbese  persons  has  offered  helpful 
suggestions  In  the  preparation  of  this  paper. 

Thk  Fossils  and  theib  Relationships 

In  all,  two  tusks,  a  scapula,  a  Dmb  bone  which  was  probably  a  humerus, 
fragments  of  ribs,  and  some  unldentlflnble  small  pieces  of  bone  were  found. 
Absence  of  teeth  precludes  with  any  degree  of  certainty  the  generic  determlna- 
lloD  of  the  proboscidean. 

The  fossils  were  Imbedded  In  glacial  till  on  the  south  slope  of  a  hlU  about 
100  yards  from  Its  t>ase.  A  section  taken  along  the  wagon  road  from  the  base 
of  the  gently  eloping  bill  to  Its  summit  shows  tbe  following  kinds  of  glacial 
deposits: 

4.  Gladal  till  (Kansan),  oxidized,  unleached  along  slope,  inclusions  of  Ne- 
braskan gumbotU  near  base,  about 60 

3.  Gotnbotll  (Nebraskan),  drab  to  dark  colored,  starchlike  fracture,  few 

slllceouB  pebbles,  leached 4 

2.  Glacial  till  (Nebraskan),  oxidized,  leached,  about 1 

1.  Gladal  till  (Nebraskan),  oxidized,  unleached,  not  well  exposed,  about.  40 

Tbe  summit  of  the  hill  Is  less  than  20  feet  lower  than  the  Kansan  gumbotll 
plain,  remnants  of  which  are  characteristic  of  this  region. 

The  bones  were  within  the  lower  10  feet  of  tbe  Kansan  till  and  only  about 
50  feet  up  tbe  alt^ie  from  the  outcropping  surface  of  the  Nebraskan  gumbotll. 
The  Kansan  till  ts  here  oxidized,  unleached,  somewhat  sandy,  contains  few 
pebbles,  and  has  some  Inclusions  of  tbe  Nebraskan  gumbotll.    The  bones  all 
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lay  witbin  10  feet  of  tbe  surface  of  tta«  elope  below  wblcb  the  road  has  been 
cut,  and  yet  the  evidence  Is  vlear  that  the  boQen  became  Included  In  the  Ul! 
durlDg  the  Kansan  Glacial  epoch  and  not  Mnce  tbe  development  of  the  slope 
by  erostonal  agencies. 

Tbe  tuRk  wblcb  was  found  when  tbe  road  was  being  graded  wan  iiieasumi 
by  Mr.  Cox,  who  reports  that  It  was  9  feet  7  inches  long.  The  bones  whldi 
were  dlitcovered  later  by  excavation  were  about  10  feet  distant  from  the  flrst 
tunk.  These  bones  were  closely  related  one  to  tbe  other ;  a  shoulder-blade  li; 
flat  and  end  to  end  with  a  bone  which  from  the  description  of  Mr.  Stubbs  vis 
probably  a  bumerus:  a  tusk  overlay  the  shoulder  blade,  and  tbe  other  frsE- 
ments  were  closely  associated  with  these  bonea  and  in  tbe  same  plane.  The 
tusk  wblcb  was  lying  on  tbe  shoulder-blade  was  measured  by  Mr.  Stubtts,  whn 
found  It  to  be  11  feet  4  Inches  long.  This  length  was  verified  by  a  measare- 
meut  of  the  mold  of  the  tUKk  which  was  slltl  distinct  Id  the  drift  at  tbe  thne 
of  our  examination.  The  mold  In  which  the  tusk  lay  showed  no  evidence  of 
fracture,  flattening,  or  other  distortion.  This  tusk  was  curved  in  two  planes; 
apparently  when  in  position  In  It?*  socket  it  curved  downward  and  outward, 
then  upward  to  the  tip. 

The  tusks  when  exponed  to  the  air  crumbled  into  a  white  powdery  subRlancf. 
I'leoex  of  only  a  few  Inches  in  diameter  were  seen  Intact,  and  these  shownl 
the  concentric  structure  of  ivorj-.  The  bones  were  so  fragile  that  they  cram- 
ble<l  at  the  touch;  no  pieces  sliowed  any  sort  of  hardening.  All  the  bones 
maintained  their  shape  and  were  of  a  grayish  white  color.  Although  imprm- 
uated  with  soil  the  cancellated  structure  was  distinct.  A  »^de  or  pick  passeil 
through  the  bone  as  readily  as  if  it  were  soft  clay. 

SlONIPICAMCB    OP   THE    RELATIONSHIPS    OF    THE    FOSBIU 

The  tusks  and  limb  bones  were  found  in  the  base  of  Kansan  till  which  oter- 
lies  Ncbraskan  gumbntU.  Tbe  characteristics  of  tlie  tusks  and  Iwnes  and  their 
relationships  indicate  fairly  conclusively  that  they  were  parts  of  a  rfngle 
animal,  the  remains  of  which  were  lying  on  tbe  surface  of  the  Nebrastan 
ffumbotll  when  they  were  picked  up  by  the  advancing  Kansan  Ice.  and  that 
while  they  were  being  transported  a  short  distance  tbey  became  Imbedded  In 
tbe  base  of  the  Kansan  till.  Tbe  relation  of  the  remains  to  the  surface  of  tbe 
NebraHkan  gumbotll.  wblcb  Is  perhaps  the  most  distinctive  Aftonian  lDte^ 
glacial  horlson -marker  which  has  yet  been  found,  suggests  strongly  that  the 
mammoth  or  mastodon  had  been  living  near  the  front  of  tbe  Kansan  Ice-sheet 
during  the  Kansan  Glacial  epoch.  If  this  Interpretation  Is  correct,  then  the 
habitat  and  the  age  of  the  mammoth  or  mastodon  are  here  Indicated  more 
definitely  than  in  many  other  places  In  Iowa  where  similar  remains  have  been 
found  in  gravels.  These  gravelw  have  been  interpreted  to  be  AftoDlan  Inter- 
glaclal  gravels,  relnteil  neither  to  the  melting  of  the  Nebraskan  Ice-sheet  nor 
to  the  advance  of  the  Kansan  Ice-sheet.  In  this  connection  it  is  of  interest  to 
state  that  recent  study  by  the  writer  of  many  of  the  gravels  In  which  pro- 
boscidean and  other  remains  have  been  found  suggests  that  at  least  some  of 
tbe  gravels  are  not  distinctive  interglaclal  dejKislts  separating  the  two  oldesl 
driftH,  the  Ncbraskan  drift  and  tbe  Kansan  drift,  but  are  lenses  and  Irregu- 
larly shaped  muKse.s  of  gravels  Incorporated  lu  till  and  related  closely  in  «jf 
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to  tbe  till  with  wblch  they  are  ftiteociated.  If  ttaexe  gravels  were  deposited  In 
front  oT  an  advaodag  Ice-sheet  nnd  on  a  surface  on  which  mammals  were 
llrhLg,  the  graTels  and  their  included  foHsil  remains  might  later  be  plowed  up 
bf  Ibe  Ice-sbeet  and  become  Incorporated  In  the  drift  with  which  the  gravels 
tre  now  associated.  The  evidence  of  the  age  and  tbe  habitat  of  proboscideans 
gHlned  from  the  discovery  near  Osceola  would  seem  to  strengthen  rather  than 
weaken  this  Interpretation.  Moreover,  It  may  be  inferred,  perhaps,  that  re- 
DtalDS  of  mnmiuBls  and  other  animals  will  be  detected  more  rarely  In  till  than 
In  gravels,  since  the  crumbly  fossil  bones  which  are  imbedded  In  till  are  de- 
stroyed readily  when  a  cutting  la  being  made  by  a  steam  ahovpl  or  other  ma- 
rhluery,  whereas  when  the  hones  are  In  gravels  they  are  Ilbely  to  be  sUiclBed 
«nd  therefore  less  likely  to  be  destroyed,  and  hence  more  frequently  detected. 

Dr.  James  H.  Lees  ;  I  have  recently  examined  a  proboscidean  tusk  found  at 
Ites  Uoines  burled  in  loess  of  Peorian  age  which  lies  on  wind-blown  sand  over- 
lying Kansan  till.  The  animal  evidently  was  living  on  the  Kansan  plain  while 
the  loess  was  being  deposited—that  Is,  later  than  the  recession  of  tbe  lowan 
glacier.  This  occurrence,  with  that  described  by  Doctor  Kay  as  well  as  others, 
aver  Iowa  and  elsewhere,  shows  the  range  of  pruboscldeaus  through  a  great 
[Hirt  of  I'leistocene  time. 

VOTE   OF  THANKS 

k  hearty  vote  of  thanks  to  the  Department  of  Geology  of  tlie  Univer- 
!-ily  of  Chicago,  the  local  committee,  and  in  particular  to  Prof.  R.  T. 
Chamberlin,  was  passed,  in  recognitioD  of  hospitalities  extended  and 
facihties  supplied,  making  the  Chicago  meeting  one  of  the  most  success- 
ful in  the  history  of  the  Society. 

PRBLIMISAHT  BKETCH  OF  THK  HIKTOKT  Of  THE  I,On'ER  UInaOUKI  ' 
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iNTBODcrriON 

The  following  brief  notes  must  be  considered  as  far  from  complete,  hut  It  is 
believed  that  they  are  of  sufficient  Interest  to  justify  their  presentation.  They 
are  the  result  of  Are  years'  observations  made  In  connection  with  other  work 


'  Manuacript  received  bj  the  Secretary  of  II 
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dune  uuder  the  dlrectlou  of  H.  A.  Buehler,  of  tbe  Miitsourl  Bureau  of  Oeology 
and  Mines. 

In  parts  of  the  Mlwiourl  Valley  tbe  Pennsflvanian  rocks.  In  which  the  writer 
was  principally  Interested,  were  found  to  be  deeply  buried  by  glacial  drift, 
while  In  others  ouly  thin  remnants  of  drift  were  found  above  tbe  rocks  fonn- 
iDg  tbe  valley  sides,  usually  high  above  the  level  of  the  floodplaln.  This  con- 
dition prevails  from  Forest  City  to  Kansas  City. 

Pbeolaciai.  Pi^m  Vallet 

The  master  preglaclal  stream  of  northern  Missouri  seems  to  bave  been  i 
stream  that  entered  the  St«te  at  the  northwest  comer,  flowed  southeast,  and 
Joined  what  Is  now  tbe  Missouri  at  or  near  the  mouth  of  Grand  River.  It 
united  at  this  point  witb  what  was  a  continuation  of  Kansas  River,  and  the 
stream  thus  formed  followed  approximately  the  course  of  the  Missouri  to  \U 
month. 

That  tbe  northern  stream  was  the  continuation  of  the  Platte  (of  Nebraska) 
seems  highly  probable.  The  first  writer,  so  far  as  known,  to  suggest  a  bnried 
vnlley  oiiiler  the  Missouri  was  Captain  Theo.  A.  Bingham.  In  hla  report'  on 
tbe  rexultH  of  borings  In  the  Missouri  Valley  be  calls  attention  to  the  dlx- 
covery,  near  Nebraska  City.  Nebraska,  of  a  buried  valley  in  which  bedrork  Is 
60  to  75  feet  lower  than  It  Is  a  short  distance  to  tbe  north  or  south,  or  16S  to 
175  feet  below  the  level  of  tbe  floodplaln.  This  valley  lies  at  right  angles  to 
that  of  the  Missouri  (about  south  80  degrees  east)  and  Is  filled  with  "very 
hard,  tenaceous,  drab-colored  clny  mixed  with  angular  fragments  of  stone,  gen- 
erally of  lime,  though  In  one  observed  Instance  (boring  number  23)  of  red 
quartzite,  the  prevailing  boulder  material  of  the  northern  glaciers."  The  sug- 
gestion Is  made  that  the  Platte  left  Its  present  valley  at  the  abrupt  turn  about 
20  miles  above  its  mouth  (at  Southbend)  and  plowed  soutbeaKt  Tbe  writer 
tiaa  nut  had  the  opportunity  of  testing  this  theory  in  the  field,  and  therefore 
[■an  offer  no  conclusive  proof  as  to  Its  correctness. 

J.  E.  Todd"  has  suggested  that  the  Platte  may  Imve  crossed  nortbem  Mis- 
souri, following  the  present  course  of  Grand  River  most  of  the  distance.  In 
this  supposition  he  was  only  partially  correct.  Assuming  the  Platte  crossed 
the  present  Missouri  Valley  at  the  place  described  by  Bingham,  it  entered  Mis- 
souri in  Atchison  County,  The  widening  of  Nodaway  River  between  Quitman 
and  Burlington  Junction  Is  due  to  the  more  rapid  lateral  erosion  In  tbe  smft 
material  of  the  burled  valley.  Maryville  is  situated  over  it,  as  shown  by  a 
boring  there  which  passed  through  170  feet  of  drift,  although  drilled  down  on 
the  fioodpialn  of  One  Hundred  and  Two  River.  The  Wabash  RaUroad  marks 
the  location  of  the  old  valley  aa  far  east  as  Darlington.  Grand  River  here 
IveudK  to  the  south  and  occupies  a  rock-walled  postglacial  valley,  whereas  the 
burled  valley  continues  to  the  east,  crossing  the  southern  part  of  Harrison 
County  and  tbe  northern  part  of  Grundy.  Entering  Linn  County,  It  turns 
south  and  again  coincides  with  Grand  River  from  Fountain  Grove  to  its  month. 


'Report  on  borlagB  In  rhe  Mignouri  River  V«|]fy.  MIsBourl  RlT»r  CommlBBlon  report, 
jesr  enaiBK  June  30.  ISflO.  pubElxbpd  bb  Appendix  XX  to  the  report  of  Ibe  Chief  of 
Engineers,  V.  8.  Amy,  pt.  4.  1800,  pp.  3.175-3.1(K». 

'  Science,  ne*  series,  vol.  iiili,  no.  BBfl,  Kebrusry  20,  IBH,  pp.  263.374. 
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In  Atcbiaon  County  tbe  anclmt  Platte  received  a  tributary  tliat  crosBed  the 
Ulgsoori  between  Napier  and  Gralg,  wbere  erosion  i>f  the  soft  drift  has  helped 
to  produce  a  very  wide  floodptals  on  the  MltwourL  The  drift  Id  this  trlbutair 
is  about  180  feet  thick  near  Tarklo,  as  tihowii  by  the  artesian  wells  along 
Tarkio  Creek.  On  tbe  western  side  of  Grundy  County  and  also  in  tbe  eastern 
put  of  this  county  large  tributaries  were  received  from  the  north.  The  east- 
ernniogt  beaded  in  Putnam  County  near  the  ancient  Platte-MlssUsippl  divide, 
la  tbe  Hendota  coal  Beld.  Some  of  the  branches  cut  down  through  tbe  coal 
b«d  and  the  drift-filled  gorges  caicountered  in  certain  of  the  coal  mines  are  the 
80-ealled  "clay  faults''  of  the  miners. 

Hie  width  of  the  ancient  Platte  Valley  as  determined  by  detailed  mapping 
in  Grundy  County  Is  six  miles  or  more.  Tbe  minimum  occurs  where  It  crossed 
tlie  sow  largely  burled  escarpment  of  the  Bethany  Falls  and  other  limestones 
at  the  base  of  tbe  Kansas  City  formation.  In  comparison,  the  width  of  the 
present  Mlssoorl  Valley  where  It  crosses  this  escarpment  Is  about  five  miles. 

In  Livingston  County  another  large  tributary  seems  to  have  occupied  tbe 
ralley  of  Shoal  Creek  and  that  pari  of  Grand  River  Valley  to  the  east.  Other 
HnuU  tributaries  may  tiave  been  received  from  the  east  In  i-inn  and  Charlton 
ruuntles.  Throughout  this  sj'stem  thick  beds  of  sand  and  gravel  overlain  by 
boutder  clay  are  common. 

The  gradient  of  the  old  Platte  was  about  one  foot  per  mile  between  Nebraska 
City  and  tlie  mouth  of  tbe  Grand.  The  lowest  elevation  of  the  surface  of  bed- 
rock known  at  different  points  along  the  course  Is  shown  In  the  following  table : 

Allilude  of  Bedrock  in  the  Valient  of  the  Ancient  Platte  and  it»  lari/er 
Tribulai-ict 
Location  Attitude 

Fe*t 

Nebraska  Qty   768 

Tarkio    (on  tributary) 72fl 

Clyde  «00± 

Saline  (on  tributary) 610 

Near  Gait,  less  than 600 

Triplet!    651 

The  gradient  of  the  present  Missouri  between  Nebraska  City  and  the  mouth 
of  the  Grand  la  about  0.8  feel  per  mile. 

PaSALACiAi.  Kansas  Valuy 

The  preglaclal  Kansas  Vulley  followed  closely  the  present  Missouri  Valley 
lielween  Kansas  City  and  the  mouth  of  the  Grand.  Its  largest  norihern  trib- 
utary In  Missouri  entered  the  State  near  Saint  Joseph,  flowed  southeast  via 
Trimble  and  through  the  valley  now  partly  reexcavated  by  li^shlng  Klver, 
Where  Smiths  Fork  of  Platte  Klver  (not  to  be  confused  with  the  "Platte"  of 
tile  previous  pages)  crosnes  the  Saint  Joseph  Valley  Itn  floixlplaln  bet'omes  a 
nille  wide,  though  less  than  half  that  width  to  the  north  and  south. 

A  tributary  of  the  Saint  Joseph  Valley  In  Platle  and  Clay  counties  possesses 
Kome  peculiar  features.  Its  bed  is  covered  with  a  stratum  of  rounded  lime- 
stone boulders  overlain  by  gravel,  sand,  and  drift,  the  latter  resting  uucon- 
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formablr  on  the  anacl.  At  Weston  this  boulder  bed  appears  high  up  on  the 
Ml-wourl  River  bluff  at  an  altitude  of  900  feet,  near  Tracy  (Platte  aty  sta- 
tion) at  S4e  feet;  near  Hoover,  835  feet,  and  east  of  Smlthrille.  at  the  moutb 
of  Crow  Creek,  jt  800  feet— an  average  gradient  of  10  feet  per  mile.  The 
bouldern  In  this  valley  are  mainly  of  local  limestone,  but  t«ome  nortbem  ma- 
terial Is  present.  Todd,'  noting  the  boulder  bed  at  Weston,  attributed  It  to 
rapldu  of  the  Missouri  at  this  point,  but  Its  relations  show  clearly  that  It  Is  (be 
deposit  of  another  stream  that  croaaed,  at  right  angles,  the  site  of  the  Missouri 
before  the  latter  siream  was  formed.  The  stream  that  deposited  the  boulders 
and  superiacent  bed  evidently  had  access  to  glacial  debris,  but  formed  the 
deposit  before  the  region  was  glaciated. 

Olacial  akd  postglacial  Changes 

Of  the  changes  In  the  ancient  Platte  River  during  glaciatlon  the  Missonri 
work  has  so  far  revealed  nothing,  probably  because  the  course  of  the  "Platte" 
was  pushed  far  to  the  west  in  Kansas,  ns  suggested  by  Todd.'  The  history  of  that 
part  of  the  present  Missouri  east  of  Kansas  City  during  this  Interval  Is  cl«flre>'- 
With  the  Kansas  River  Ibis  part  of  the  MlsMouri  formed  approilmately  the 
southern  limit  of  glaciatlon,  though  the  Ice  puslied  south  of  the  present  valley 
In  several  places.  In  Jackson  County  are  two  abandoned  valleys  that  seem  to 
have  been  temporary  outlets,  and  It  la  a  significant  fact  that,  so  far  as  knowD 
to  the  writer,  wherever  glacial  till  occurs  south  of  the  Missouri  River  It  lie® 
north  of  one  of  these  abandoned  valleys.  Another  abandoned  outlet  appear^ 
to  have  been  near  Grand  Puss,  Saline  County,  and  there  are  possibly  otliers  ti7 
the  east,  as  there  are  known  to  be  to  the  west,  In  Kansas. 

The  factors  that  determined  the  present  course  of  the  Missouri  t»etween 
Omaha  and  Kansas  City  are  obscure  and  the  writer  has  no  suggestion  to  oIFer 
at  this  time.  That  the  river  has  occupied  its  valley  for  some  time  is  evident 
from  the  depth  to  which  Its  rock  floor  has  been  eroded.  From  the  data  on 
borings  previously  mentioned,  it  is  known  that  erosion  lias  cut  down  to  ap- 
jtroximately  100  feet  below  the  existing  floodplaln.  and  the  valley  then  filled 
with  that  amount  of  clay,  sand,  and  gravel.  The  hulk  of  this  valley-filling 
miiterlal  may  have  been  derived  from  the  rapid  melting  of  some  late  loe-sheet 
In  the  iiorlbcnj  dilates  and  the  subse<|ucnt  overloading  of  the  Missouri. 

rill/T-II.U\<llfAS  IIHIFT  ;.V  SORTHEUS  I1.I.I\(>IK   WEST  (IF  THE  MAPPED 


.Vs  11  i>nii  of  tlif-  new  tirognim  of  the  llUnols  <iei)loKli-iil  Survey  in  the  re- 
i-\amliiatloii  <if  the  I'lelsloceiie  of  Illinois,  recent  studies  have  been  made  by 
the  author  In  ncirtlicrn  Illinois  where  the  drift  has  iiii  uiK'erlaln  status.     Sev- 

'  J.  K.  To(i.l:  F.iMiiiUluri  .if  lli»  yiialiTn.ir.v  ci»wils.  MIsw.uri  <5ei.loBlcBl  Survey,  vol, 
10,  1»1MI,  [),  205. 

''J,  K.  Todd:  Th<-  I'K'Istii.'.'iK'  liLstiiry  i.f  ihp  MIssmiH  Etlv.r.     Sil.'m'r.  n^w  series,  vol. 

■  liilnaliipi'd  liy  F.  W,  Tf  WollT. 
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«nl  Important  lines  of  evidence — Rome  of  them  new — will  be  presented  which 
sboT  that  there  are  tna  distinct  drifts  west  of  the  mapped  Wisconsin  moraine, 
tbe  onter  one  being  clearly  llllnolsan  In  age.  the  Inner  probably  early  Wis- 
niDslD.  While  the  precise  boundary  Is  yet  to  be  drawn,  yet  It  Is  quite  plain 
tbat  the  llllnolsan  drift  extends  In  some  places  east  of  Rock  River,  and  hence 
the  new  boundary  mimt  be  radically  different  from  the  former  llllnolsan- 1 o wan 
buuudary. 

Read  from  manuscript. 

Discussed  by  Prof.  R.  D.  Salisbury. 


OHIOIN  AND  HISTORY  OF  LAKE  CHELAX 


iAbttract) 

The  Chelan  Basin,  In  north-centrnl  Washington,  exhibits  many  striking 
eHvetn  of  the  work  of  Klaclal  Ice.  Its  linear  form,  abrupt,  smooth  slopes,  and 
(^'pat  depth  have  for  some  time  been  attributed  to  tbe  erosive  action  of  a  large 
ralley  glacier.  At  its  maximum  development,  the  Chelan  Glacier  and  its  trib- 
utaries had  a  surface  area  probably  exceeding  400  square  miles.  Its  length 
WHS  nearly  80  miles  and  Its  thickness  throughout  a  coualderable  portion  of  Its 
length  doubtletiB  exceeded  4,000  feet.  For  nearly  15  mllea  In  its  mld-aectlon 
the  bottom  of  the  lake  lies  near  to  or  below  seatevel  and  Itii  depth  exceeds 
1.000  feet.  Data  are  now  at  hand  to  show  that  In  this  section  several  tribu- 
tary hanging  valleys  that  doubtless  once  entered  the  main  valley  at  accordant 
levels  now  enter  at  elevations  over  2.000  feet  above  the  bottom  of  the  latter. 
lAK-all.r,  then,  the  amount  of  glacial  erosion  exceeded  2,000  feet,  for  these  trib- 
utary valleys  were  glaciated  and  their  floors  lowered  by  a  considerable  but 
unknown  amount  The  deepest  section  of  the  lake  occurs  In  the  stretch  where 
tbe  valley  is  narrowest,  which  in  turn  coincides  with  the  portion  In  which  the 
Mtmcture  of  the  rook  is  most  favorable  for  down-cutting.  Above  the  narrow, 
deep  section  the  bedrock  is  dominantly  granite  aud  gneiss;  below  It  Is  largely 
a  complex  of  various  flne'gralned.  Igneous  Intruslves,  while  wltblu  this  section 
the  valley  runs  parallel  to  the  strike  of  a  steeply  dipping  series  of  schists  and 
slates.  Along  the  valley  walls  at  the  eastern  end  of  the  lake  occur  minor  ter- 
races marking  tbe  levels  of  small  lakes  tbat  lay  between  valley  spurs  at  the 
sides  and  tbe  glacier  In  front. 

Following  the  Chelan  glaclatlon,  after  an  unknown  Interval,  came  an  Inva- 
sion of  the  Cordllleran  Ice-sheet  Into  (he  lower  valley  from  the  east.  This 
tilocked  tbe  natural  drainage  channel  eastward  to  the  OilumbIa  River  and 
iitosed  the  lake  to  rise  flrat  to  an  elevation  of  l.HOO  feet  and  flow  out  through 
Navarre  Coulee  southward.  Then,  as  the  ice-tongue  receded,  the  lake  {ound  a 
lower  outlet  through  Knapp  Coulee,  at  an  elevation  of  1,4-tO  feet,  and  Anally 
through  the  lower  Chelan  Valley,  over  tbe  drtft-dam,  at  1.120  feet  above  tide, 
i^lnce  that  time  the  level  of  the  lake  has  been  lowered  by  erosion  of  the  outlet 
to  1.080  feet.    The  preglaclal  channel  of  Chelan  River  may  be  clearly  seen  one 

■  iDtroducfd  bj  OeorKe  F.  K*y. 
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mile  above  the  BUtlou  of  Cbelau  Falls.  The  elevation  of  bedrock  at  tlila  point 
and  of  striated  bedrock  in  tlie  Columbia  River  Valley,  near  by.  Is  ai^raxi' 
matelf  TOO  feet.  Nearly  400  feet  of  the  water  of  Lake  Chelan,  then.  Is  held  in 
by  a  drift-dam  and  the  remainder  lies  in  a  rock  basin. 

Presented  by  title  iu  the  absence  of  the  author. 

ASCIEST  aobK  DEfOKUATlOKS  AND  THEIR  PRE8BXT  SXPREBSIOSS  1\ 
WB8TER}/  rBRMOtlT^ 
BY    CLAKEnC£   K.    OOKDON 

(Atmtract) 

Iu  western  Vermont  and  couti^ous  areas  the  geology  U  greatly  complicated 
by  ancient  deformations  of  the  rocks  due  to  compression.  The  formations  in- 
volved belong  to:  (1)  Pre-Cambrlan ;  (2)  Cambrian,  chiefly  Lower  Cambriaa  ; 
and  (H)  Lower  and  Middle  Ordovlclan. 

The  Btrens  bus  found  expretcilon  In  various  kinds  of  Internal  deformilion 
due  to  shearing  strulti,  and  In  mass  dislocation.  It  Is  not  easy  to  apportion 
tlieHe  difFerent  efFects  among  the  several  disturbances  which  the  rocks  of  tl>^ 
region  have  probably  experleut-cd,  but  the  outstHndlug  features  due  to  coaa- 
preNsiou  may  with  much  probability  be  attributed  to  one  great,  dramatic  s«rl^^ 
of  episodes  In  their  history. 

Internal  deformation  shows  In  various  ways,  and  muss  dislocations  occur  t*-^ 
folds  and  ruptures,  which  take  the  forms  of  small  and  large  reverse  faulU  bi**^ 
thrusts. 

In  the  r^on  of  I.alie  Cbamplaln,  for  many  miles  north  and  south,  amon^ 
the  islands  and  along  the  shorein  of  the  lake,  various  eroded  HSd  now  more  <7' 
leNs  detached  masses  of  massive  siUceoai,  magiiesian,  and  calcareous  rocic^ 
whtfh  hove  been  mcbimon>hi>Hed  In  varying  degrees,  but  which  as  a  rule  Uav^^ 
not  been  violently  folded,  rest  by  thrust  on  other  calcareous  rocks  and  shale^^ 
and  Mlates  which  ure  younger  and  which  have  lieen  folded  and  tilted,  while  a^' 
other  places  a  quartzlte,  or  t|uartzlte-phylllte,  formation  rests  by  thrust  appar''^ 
eiilly  on  the  same  slate  formation. 

There  Is  evidence  to  show  Ihat  some  of  the  various  calcareous  roclcs  Jusf 
mentioned  as  overln]>|iing  younger  formutiiULs  by  tlirust  to  the  east  of  the  lake 
now  rest  on  the  iiuartzlte-phylllty  formation,  wlil<'li  is  probably  of  Lower 
t^iimhrlun  axe. 

.\  reasonable  Inteipretiitloii  seems  to  lie  thut  a  great  thrust  cut  through  the 
I.<iwer  Cambrian  basement  of  certain  <'ulciii-ei)UH  rocks  belonging  to  difFerent 
horizons  of  the  Ijjwpi-  Crdovb-lan  and  into  the  limestones  along  an  Irregular 
pliiue  that  emerged  sowewheiv  east  of  what  Is  now  the  luke  and  drove  the 
mass  above  the  plane  westward  to  its  present  resting  place  on  the  Trenton- 
"L'tifii"  oformation.  An  now  eroded  at  some  places,  the  contact  of  th*  Cam- 
brtuu  on  the  slates  may  be  seen,  while  at  others  .so-called  "Potsdam,"  or  Beek- 
luautown,  or  pos-sibiy  (Uiuzy  or  Trenton,  rests  on  the  slates.  No  estimate 
seems  pos-sible  of  the  eastward  estent  of  tbe  hidden  overlap  contact,  but  oon- 
sideiable  lateral  dlspltict'ment  api)ears  pi-oliable. 
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Tbe  character  and  relstlons  of  the  present  erosion  margin  of  tbe  tbrast  de- 
pend on  tbe  character  of  tbe  rock  throngb  whtcb  Its  plane  pasaee  along  tbe 
portlcnlar  meridian  being  examined.  Furthermore,  In  many  cases,  wbat  has 
been  called  "Logans  line"  Is  apparently  the  result  of  normal  faulting  which 
has  broken  tbe  ttanisted  mass  and  that  beoeatb  it  Tbe  margin  or  trace  of 
tlie  tbrost,  as  now  preserved,  la  marked  by  erosion  remnants  several  miles 
•way  In  the  direction  of  the  thrust,  apparently  even  on  tbe  New  York  side  of 
the  lake. 

Ill  the  Vermont  Valley  from  Bennington  to  Brandon  and  along  the  eastern 
border  of  the  Champlaln  lowland,  as  traced  by  the  writer,  there  Is  at  some 
places  convincing  evidence  and  at  others  strong  Indication  of  overlap  of  Lower 
Cambrian  rocks  (dolomites  and  Interbedded  dolomites  and  quartsltes)  on 
marble  and  other  rocks  of  probable  Ordovlclan  uge.  It  also  appears  extremely 
probable  that  Lower  Cambrian  terrigenous  rocks  consisting  of  schists  and 
phrlUtea.  with  Interbedded  massive  quarUsites,  have  been  thrust  on  marble 
and  other  rocks,  and  that  in  aome  cases  snch  thrusted  masses  have  been  re- 
pirded  as  belonging  to  a  younger  terrane. 

METHOD  OF  UEA8VXIS0  A\D  PhOTTtXQ   THE  8HAPB8  OF  PBBBI.B8 
BY  CHESTEB  K.  WBNTWOHTH  ' 

This  method  has  for  Its  object  the  measurement  and  portrayal  on  a  cbart  of 
tbe  features  of  the  shapes  of  pebbles  characteristic  of  their  mode  of  origin. 
It  consists  In  tbe  measurement  of  tbe  radii  of  curvature  of  the  sharpest  devel- 
oped edge  and  the  flattest  developed  face  and  plotting  a  simple  function  of 
tb»te  values  on  a  chart.  I'ebbleH  are  thus  located  on  the  chart  according  to 
tliejr  shapes,  and  river  pebbles,  glacial  pebble^,  dretkauter,  and  other  sorts  of 
Iiebbles  have  each  their  charHcteristlc  positions.  This  method  permits  quanfl- 
tattve  study  of  the  stage  of  rounding  of  river  pebbles  as  well  as  the  separation 
OF  pebbles  of  different  origins  and  transitional  types  and  promises  to  be  of 
great  aid  In  comparative  Interpretation  of  measurements  of  the  shapes  of 
pebblea. 

Preaenkd  without  notes,  with  lant^rn-slidG  illustration. 

FIELD  BTVDT  OF  THE  8HiFB8  OF  RIVER  PEBBLES 


lAbatrtKt) 

Ueasnrements  of  sixe  and  roundness  were  made  on  upward  of  six  hundred 
rlTer  pebblea  in  the  bed  of  Russell  Fork  of  Big  Sandy  River,  In  southwest  Vir- 
ginia, The  pebbles  were  all  of  quartzlte  from  an  outcrop  near  the  head  of  the 
stream  and  were  found  at  numerous  places  In  the  stream  for  over  28  miles. 
The  Increasing  roundness  is  plotted  as  a  function  of  distance  traveled  and, 

'  Introdnnd  bf  A.  C.  Trawbrldar. 
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tnken  Id  conjuuctloo  with  laboratory  determinations  of  the  reBlHtance  to  abra- 
nUta  of  these  and  other  pebbles  and  measurements  of  the  shapes  of  those  peb- 
lileM,  permits  an  estimate  to  be  made  of  the  distance  traveled  by  the  latter. 
Hlmllarly,  estimates  have  been  made  with  reference  to  the  persistence  of 
glacial  strlte  during  subsequent  stream  transportation  of  the  pebbles,  and  other 
uppUcutlous  of  tills  study  have  been  made.  In  these  estimates  many  assump- 
tions are  made  concerning  unknown  factors  which  await  evaluation  from 
future  studies  of  this  sort,  hut  the  results,  eves  with  these  limltatloos,  are 
significant. 

Presented  without  notes,  with  lantern-alide  illustratiou. 
DiBcussed  by  Dr.  J.  A.  Udden. 

REQIOSAL  8TRVCTURB  IN  flORTH-CEflTRAL  TEXAB 

BY  E.  K.  SELLABua 

(ibslroct) 

The  paper  relates  to  regional  structure  In  north-central  Texas  as  determlne^l 
from  well  records.  The  underground  position  of  the  pre-Cambrlan  formations 
Is  determined  over  a  limited  area  adjacent  to  the  Llano  uplift  in  central  Texua 
and  in  three  counties  adjacent  to  the  Red  River  In  northern  Texas.  The 
underground  position  of  the  Cambro-Ordovlclan  formations  Is  determined  over 
a  considerable  area  in  north-central  Texas,  The  r^lonal  structure  Is  Illus- 
trated by  one  north-south  and  three  east-west  sections. 

Present^tl  in  abstract  without  notes. 


PAI.EIKIKOaR.iPHY  .1.V 


lAUtrnct) 

The  purpose  of  this  pa|)er  Is  to  give  a  summary  of  the  data  up  to  date  i>er- 
tfllnlng  to  the  paleogeography  iind  correlation  of  the  marine  west  coa.st  Ter- 
nary deposits.  Kleven  paleogeographlc  maps  will  lie  presented  with  the  paper, 
loKcther  with  n  tentative  correlation  table. 

Till'  agcregnte  thickness  of  the  west  CDa^t  Tertiary  <leposlts  exceeds  40.000 
feet.  The  sediments,  whk-li  for  the  most  jwirt  ciinKlst  of  clastic  materials,  wore 
hilil  ilnMiL  In  geusync'tliiiil  troughs,  a  corulltlon  very  similar  to  that  which  ex- 
islecl  along  the  oast  i«ast  of  Xiirth  .America  during  the  raieozotc.  CrustuI 
nirn-eiiipMts  were  going  on  more  or  less  Interruptedly  throughout  the  entire 
Tertliii'y  period.  The  sea  Invaded  and  retreated  maay  times  from  these  Inland 
basins.  The  contact  between  the  deposits  of  these  dlffiTent  cycles  of  deposi- 
tion are  usually  well  marked— In  fact,  in  a  large  perceiitiige  of  cases  they  are 
Indicated  )>y  angular  uncon form! ties. 

Tresenfed  in  ahstract  willidut  imtt's,  ivitli  lantern-sli.lo  illustration. 
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BT  HAMI.EL  WEIDMAN 

{Abstract) 

The  paper  will  dewrlbe  briefly  tbe  evidence  of  the  glacUl  origin  of  the 
Vnai*  moglomerate  of  the  Artiuckle  Mouotalns  and  also  will  refer  to  a  sim- 
ilar lype  of  conglomerate  of  the  Wichita  MountalDS.  The  Franks  conglom- 
fnlt  Dcnirs  at  the  base  of  the  Pennsylvanian  and  there  are  aasoclated  con- 
^ImwratPB  of  similar  tj-pe  at  several  higher  horizons  developing  a  series  of 
Uiick  conglomerates  within  the  Pen  nay  Ivan  Ian.  The  gladal  origin  of  the  con- 
tdomcrate  is  indicated  by:  (1)  The  character  ol  the  conglomerates,  such  as 
Ibe  large  ^ze  and  variety  of  boulders ;  (2)  the  non-residuary  character  of  the 
(UDiitltiieDts of  the  conglomerate;  (3)  the  great  thickness  of  the  conglomerate, 
D|i  to  500  feet;  (4)  the  preneuce  of  polished,  striated,  and  faceted  boulders 
and  p«bblm  In  the  conglomerate ;  (!>)  the  occurrence  of  pollHhed,  striated,  and 
gnuved  Hurfaces  on  which  the  conglomerate  rests. 

Presented  by  title  io  the  absence  of  the  author. 

OEFO.V/.*.V  BLACK  BHALBB  OF   WESTERS   XEW  YORK 
BT  nKOBGE   H.   CHADWICK 

(AhBtracI) 

Until  greater  thickness  and  extent  of  these  possibly  important  oil-shales 
Itian  preiiously  reported  hare  been  shown  by  detailed  mapping,  especially  in 
i)ie  raw  of  tbe  Dunkirk  shale,  which  In  eastern  Erie  County  exceeds  160  feet 
ol  solid  black. 

Presented  by  title  in  tfie  absence  of  the  author. 

The  Society  finally  adjourned  about  5  o'clock  and  the  Thirty-second 
Animal  iteeting  came  to  an  end. 
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BEFEBEXCE   TO    ADOPTION    AND   CHANGES 

The  proTlHlonal  Constitution  uader  wblch  the  Society  was  organized  van 
approved  Augunt  15,  1888,  and  adopted  December  27,  1SS8  (see  Bulletin,  vol- 
ume 1,  pages  7-8),  These  rules  were  elaborated  and  the  revised  Conntltntlisi 
and  By-Laws  were  adopted  December  27,  1880  (volume  1,  pages  53S,  571-578). 

Several  minor  cbanRes  bnve  been  made  tn  these  rules,  which  are  on  reconl 
In  tbe  Bulletin  as  follows :  ChantEes  in  tbe  Constitution :  December,  18&1.  tdI-' 
ume  fl,  page  432;  Decemt)er,  1897,  volume  0,  page  400;  December,  1909,  voIhidq 
21,  page  19;  December,  1920,  volume  32,  page  94.  Changes  in  tbe  By-Uirs: 
Decemt>er,  1891,  volume  3.  page  470;  December,  1S9.S,  volume  S,  pages  KI3-554: 
December,  1894,  volume  6,  page  4.12;  December,  1903,  volume  14,  page  533: 
I>ecember,  1909,  volume  21,  page  19 ;  December,  1920,  volume  S2,  page  99. 


NAWB 

TblH  Society  Kball  be  known  as  The  4iE0LoairAL  Societt  of  Aueuca. 
AancLE  II 

•  OBJECT 

The  object  of  this  Si)cletj-  Khali  be  the  promotion  of  the  Science  of  Geolugy 
In  North  America. 

AaTicLE  III 


The  Society  ttball  lie  ii)m|N>Ked  of  Fellows,  Cor re,si>on dents,  and  Patrons. 

1.  FellowH  shall  be  persons  who  are  engaged  In  geological  work  or  In  teach- 
ing geology. 

Fellows  admitted  without  ele<-tlon  under  the  provisional  Constitution  sbnll 
be  designated  as  Original  Fetlown  on  all  lists  or  catalogues  of  the  Society. 

2.  Correspondents  xhall  be  i>erHoiiH  distinguished  fur  their  attainments  In 
(ieologlcal  Science  and  not  resldeiit.s  In  North  America. 

3.  Patrons  shall  be  iiersoiis  who  have  bestowed  imtKirtant  furors  uiMn  the 
Society. 

4.  FelloWM  alone  shall  be  entitled  to  vote  or  hold  office  in  the  Society. 

Abticlb  IV 


1.  The  officers  of  the  Society  shall  <f)nslst  of  a  President,  a  First  Vice-Presi- 
dent, a  Second  Vice-I 'resident,  and  one  A'lte-I'i-esldent  to  represent  each  of  the 

(94) 
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soelrtlea  afflllHted  with  this  Society,  a  Secretarj',  a  Treasurer,  an  Editor,  and 
sli  {Jouncilora. 

These  officers,  together  with  tbe  Presidents  for  the  Dest  preceding  three 
j-Mrx.  shall  oonntltnte  an  Bsecutlve  Committee,  which  shall  t>e  called  tlie 
Council. 

2.  The  PresldcDt  shall  discharge  the  usual  duties  of  a  presiding  officer  at  all 
meetings  of  the  Society  and  of  the  Council.  H*  shall  take  cognisance  of  the 
arts  of  the  Society  and  of  its  officers,  and  cause  the  proTislons  of  the  Constltu- 
tlim  and  By-r^aws  to  be  faithfully  carried  Into  elfect 

X  The  Plrxt  VIce-T'reaident  shall  assume  the  duties  of  President  Id  case  of 
ihe  absence  or  disability  of  the  latter.  The  Second  Vice-President  shall  as- 
sunie  the  duties  of  I'rcsldent  In  ease  of  the  al>sence  or  disability  of  Iwth  ttie 
President  and  First  Vlce-I'resldent.  The  Third  Vice-President  shall  assume 
the  duties  of  President  In  case  of  the  absence  or  disability  of  the  President 
and  the  First  and  Second  Vice-Presidents, 

4.  Tbe  Secretary  shall  keep  the  records  uf  the  proceedings  of  the  Society, 
ai»l  a  complete  list  of  the  Fellows,  with  tbe  dates  of  their  election  and  discon- 
nection with  the  Society.    He  shall  also  he  the  secretary  of  the  Council. 

The  Secretary  shall  cooperute  with  the  President  In  attention  to  the  ordinary 
affairs  of  the  Society.  He  shall  attend  to  the  preiuiratlon,  printing  and  mail- 
ing of  circulars,  blanks  and  notifications  of  elections  and  meetings.  He  shall 
Huperbitend  other  |>rlnting  ordered  by  the  Society  or  by  the  Pi'csldent,  and 
!<hiiil  have  charge  of  Its  distribution,  under  the  direction  of  the  Council. 

Ttie  Secretary,  unless  other  provisions  t>e  made,  shall  also  act  as  Editor  of 
the  publications  of  the  Society,  and  as  librarian  and  Custodian  of  the  property. 

5.  Tbe  Treasurer  shall  hare  the  custody  of  all  funds  of  tbe  Society.  He 
shall  keep  account  of  receipts  and  disbursements  In  detail,  and  this  shall  l>e 
audited  us  hereinafter  proi'lded. 

6.  The  Editor  shall  supervise  all  matters  connected  with  the  publication  of 
the  transactions  of  the  Society  under  the  direction  of  the  Council. 

T.  The  Council  Is  clothed  with  executive  authority  and  with  the  l^slatlve 
l»iwers  of  the  Society  In  the  intervnis  between  its  meetings;  but  no  estraordl- 
riary  act  of  the  Council  shall  remain  in  force  beyond  the  next  following  stated 
meeting  without  ratification  by  the  Society.  The  Council  shall  have  control  of 
the  publications  of  the  Society,  under  provisions  of  the  By-Laws  and  of  reso- 
lutions from  time  to  time  adopted.  They  shall  receive  nominations  for  Fel- 
lows, and.  on  approval  by  them,  shall  submit  such  nominations  to  the  Society 
fur  action.  Tliey  shall  liave  power  to  All  vacancies  ad  interim  In  any  of  tbe 
ufHces  of  the  Society. 

».  Terma  nf  ofllcc.— The  President  and  ^' Ice- Presidents  shall  be  elected  annu- 
ally, and  shall  not  be  eligible  to  re-ele<'tlon  mute  than  once  until  after  an 
Interval  of  three  .years  after  retiring  from  ofllce. 

The  Secretary,  Treasurer,  and  Editor  shall  be  eligible  to  re-election  without 
limitation. 

Tbe  term  of  office  of  the  Councilors  shtall  be  three  years;  and  these  officers 
shall  be  s»  grouped  that  two  shall  !»  elected  and  two  retire  each  year,  Coun- 
dlors  retired  shall  not  be  re-ellglhlc  till  after  the  expiration  of  a  year. 
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1.  All  electlnus  tihull  be  by  balloL  To  elect  a  Fellow,  Correspondent  or 
ratroii,  or  impoxe  any  Hpeclal  tax,  sbnil  require  the  assent  of  nlne-teotliB  of  all 
Fell  own  rutlng. 

'J.  Voting  by  letter  may  be  nllowed. 

:i.  Klrclion  of  Fcll'itc». — Nonilnatlunx  for  fellowship  may  lie  made  by  two 
Fellows  according  to  a  form  to  lie  provided  by  the  Council.  One  of  these  Fel- 
lows uiuxt  he  iierH(>Qall.v  acquainted  wltb  the  nominee  and  tiis  guallflcfltionx 
fur  membership.  The  Council  will  submit  the  nomtnationK  received  by  them. 
If  a)>provpd,  to  u  vote  of  the  Society  in  the  mauner  provided  iD  the  By-laws. 
The  result  may  be  announced  at  any  stated  meeting;;  after  which  notice  shall 
l>e  sent  out  to  Fellows  elect. 

4.  Elcflion  of  offivcrg. — Nominations  for  office  shall  be  made  by  tbe  CaandW^. 
The  nominations  shall  be  submitted  to  a  vote  of  tbe  Society  In  tbe  name  ma:^^__ 
ner  as  nominations  for  fellowxhip.  The  results  shall  be  announced  at  tl^  ~e 
Aiinuiil  Meeting:  and  the  officers  thus  elected  shall  enter  upon  duty  at  It^^e 
adjournment  of  the  meeting. 

Artici.e  VI 

HEETINCS 

1.  The  Soi-lety  slmll  hold  at  leiist  one  stated  meettufc  a  j^ear,  in  the  wlnt- ^p^ 
season.  The  date  and  place  of  the  Winter  Meeting  shall  be  fixed  by  the  Coi^  J>- 
ctl,  and  announced  each  year  within  three  monthn  after  the  adjournment  ^' 
the  preceding  Winter  Meeting.  Tbe  program  of  each  meeting  shall  be  det^r^  **' 
mined  hy  the  Council,  and  anhnunced  beforehand.  In  its  general  features,  r  •-^* 
detaltn  of  the  dally  sessions  shall  also  be  arranged  hy  the  Council. 

2.  The  Winter  Meeting  shall  l>e  regarded  as  the  .\nnaal  Meeting.  At  th'K^ 
elections  of  officers  shall  be  decliired,  and  the  officers  elect  shall  enter  up*:^" 
duty  at  the  adjournment  of  the  meeting. 

:i.  Sjiecliil  meetings  may  be  called  by  the  Council,  and  must  be  called  upC** 
tlip  written  request  of  tweut.V  Fellows. 

4,  Stated  meetings  of  the  Council  shall  be  held  colncldently  with  the  stat^** 
meetings  of  the  Society.  S|ieclal  meetings  may  l>e  called  by  the  President  s' 
such  times  as  he  may  deem  necessary. 

5.  QiKinim, — At  meetings  of  the  Society  n  majority  of  those  registered  IB 
attendance  shall  ciiiiNtltute  a  i|Uorum.  Five  sbatl  constitute  a  quorum  of  the 
Conn.-il. 


of  Ihp  Society  .shsll  Ih-  under  ttie  Immediate  control 


srciup  of  Fellows  representing  a  particular  branch  of  geology  may,  with  ' 
t  of  the  Council,  orguidze  as  n  .section  of  the  Society  with  separate  con- 
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iititutlon  and  by-laws,  provided  that  notblng  lu  such  constitutloD  and  by-laws 
conflict  with  tbe  Constitution  and  By-Laws  of  the  Geological  Society  of  Anier- 
ira,  In  letter  or  spirit,  and  provided  that  sucb  constitution  and  by-laws  and  all 
amendments  tbereto  sbalt  have  been  approved  liy  the  Council. 

ASTICLC  IX 


1.  This  Constitution  mny  be  amended  at  any  annual  meeting  by  a  threc- 
funitbs  vote  of  all  the  Fellows,  provided  that  the  proposed  amendment  nbalt 
have  been  submitted  In  print  to  ail  Fellows  at  least  three  months  previous  to 
Ebe  meeting. 

2.  By-laws  may  be  made  or  amended  by  a  majority  vote  of  the  Fellows 
preseot  and  voting  at  any  annual  meeting,  provided  tbat  printed  notice  of  the 
prnposed  amendment  or  by-law  shall  have  been  given  to  all  Fellows  at  least 
three  months  before  the  meeting. 


1.  No  person  shall  be  accepted  ns  a  Fellow  unless  he  pay  his  initiation  fee, 
and  the  dues  for  the  year,  within  three  months  after  notification  of  his  elec- 
tlgn.  The  initiation  fee  shall  be  ten  (10)  dollars  nnd  the  annual  dues  ten  (10) 
dollars,  the  latter  payable  on  or  before  the  annus!  meeting  lit  advance :  but  a 
wlijjrle  prepayment  of  one  hundred  fifty  (150)  dollars  ahall  be  accepted  as  com- 
mutation for  life.  A  Fellow  In  pood  standing,  however,  who  has  paid  annual 
ilups  for  not  less  than  fifteen  (IS)  years  mny  commute  further  dues  and  ))e- 
"irae  a  Life  Fellow  by  making  a  single  payment  of  one  hundred  (100)  dollars. 

2.  The  sums  paid  In  commutation  of  dues  shall  be  covered  Into  the  Publica- 
tion Fond. 

3.  ,An  arrearage  in  payment  of  annual  dues  shall  deprive  a  Fellow  of  the 
privilege  of  taking  part  In  the  management  of  the  Society  and  of  receiving  the 
publications  of  the  Society.  An  arrearage  continuing  over  two  (2)  years  shall 
he  construed  as  notification  of  withdrawal. 

4.  Any  person  eligible  under  Article  III  of  the  Constitution  may  be  elected 
ratmn  npon  the  payment  of  one  thousand  (1,000)  dollars  to  the  Tublicatlon 
Fund  of  the  Society. 

Chapter  II 


1.  The  President  shall  countersign,  if  he  approve,  all  duly  authorized  ac- 
counts and  orders  drawn  on  the  Treasurer  for  the  disbursement  of  money. 

2.  The  Secretary,  nntll  otherwise  ordered  by  the  Society,  shall  perform  the 
(lulies  of  Editor.  I.thrarlan,  and  Custodian  of  the  property  of  the  Society. 
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n.  The  SiH^lety  may  elect  aa  Assistant  Secretary. 

4.  The  Treasurer  shall  give  bonds,  with  two  good  sureties  approved  by  the 
Cuunc'll,  in  the  sum  of  flre  thousand  dollars,  for  the  faithful  and  honest  per- 
formance of  his  duties  aud  the  aafe-beeplog  of  the  funds  of  the  Society.  He 
may  deposit  the  funds  in  hank  at  his  discretion,  but  shall  not  invest  them 
wllhout  authority  of  the  Council.  His  accounts  shall  be  balanced  as  on  the 
thirtieth  day  of  November  of  each  year. 

5.  In  the  selection  of  Councilors  the  various  sections  of  North  America  shall 
he  represented  as  far  as  practicable. 

6.  The  minutes  of  the  proceedings  of  the  Council  shall  be  subject  to  call  by 
the  Society. 

7.  The  Council  may  transact  Its  business  by  correspondence  during  the  inter- 
vals between  its  stated  meetings;  but  affirmative  action  by  a  majority  of  ttie 
Council  shall  be  necessary  in  order  to  make  action  by  correspondence  valid- 

Chafteb  III 

OF  EtfCTION  OF  UBHBEB8 

1.  Xominatlons  for  fellowshtp  may  be  proposed  at  any  time  on  blanks  to  be 
supplied  by  the  Secretary. 

2.  The  form  for  the  nomination  of  Fellows  shall  be  as  follows: 

In  accordance  with  his  desire,  we  respectfully  nominate  for  Fellow  of  the 
Geological  Society  of  America : 

Full  name:  degrees;  address;  occupation;  branch  of  Geology  now  engaged 
In.  work  already  done  and  publications  made. 

(Signed  by  at  least  two  Fellows.) 

The  form  when  filled  Is  to  be  transmitted  to  the  Secretary. 
.1.  The  Secretary  will  bring  all  nominations  before  the  Council,   and    the 
Couiiell  will  signify  its  approval  or  disapproval  of  each. 

4.  At  least  a  month  before  one  of  the  stated  meetings  of  the  Society  the 
Secretary  will  mail  ii  printed  list  of  all  approved  nominees  to  each  Fellow, 
accompanied  by  such  Information  as  may  be  necessary  for  Intelligent  voting ; 
but  an  informal  Wat  of  the  candidates  shall  he  sent  to  each  Fellow  at  least  two 
weeks  prior  to  dlwtrlbutlon  of  the  ballots. 

5.  nie  Fellows  receiving  the  list  will  slgiilfj'  their  approval  or  disapproval 
of  eiich  nominee,  and  return  the  lists  to  the  Secretary, 

fi.  At  the  next  stated  meetlnji  of  the  Council  the  Secretary  will  present  the 
lists  anil  the  Council  will  cnma.ss  the  returns. 

7.  The  Council.  Iiy  unanimous  vote  of  the  members  In  attendance,  may  still 
i'.\ci-(-lsi>  the  i)ower  of  rejection  of  luiy  nominee  wliiim  new  Information  shows 
til  Im-  uiiKultalile  for  fellowshlji. 

S.  .M  the  next  stated  meeting  of  the  SiK-lety  the  Council  shall  declare  the 
result.s. 

0.  Correspondents  iind  Patrons  shall  be  nomhmte<1  by  the  Council,  and  shall 
be  electetl  in  the  same  manner  as  Fellows. 
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OF  BUCTtON  OW  OFFICKRB 

1.  The  Coomdl  shall  prepare  a  list  of  nomlnatlonfi  for  the  several  offices, 
vhlT^i  list  will  constitute  the  ivgular  ticket.  The  ticket  must  be  arprovcd  by  a 
tnajortty  of  the  entire  Council.  The  noinlnt>e  for  PreBldent  shall  not  be  a 
member  of  the  Conndl.  The  nominee  for  Third  Viee-Presldent  shall  be  the 
nominee  for  the  presidency  of  the  Paleontoloslcal  Society,  which  has  been 
organlied  as  u  section  under  Article  Vltl  of  the  Cunatttutton.  Tlie  nominee 
lor  the  Tlce-prerident  representing  an  affiliated  society  shall  be  chosen  from 
the  Joint  fellowship  by  vote  of  the  affiliated  society  concerned,  subject  to  con- 
finnatlon  by  the  Council  of  the  Geological  Society  of  America. 

Z  The  list  shall  t>e  mailed  to  the  Fellows,  for  their  Information,  at  least 
nine  months  before  the  Annual  Meeting.  Any  Are  Fellows  may  forward  to  the 
Secretary  other  nominations  for  any  or  all  offices.  All  such  nominations  reach- 
Ihe  Ihe  Secretary  at  least  40  days  before  the  Annual  Meeting  shall  he  printed, 
[•igether  with  the  names  of  the  nominators,  as  special  tickets.  The  regular 
and  special  tickets  shall  then  be  mailed  to  the  Fellows  at  least  25  days  before 
the  Annual  Meeting. 

3.  The  Fellows  will  send  their  ballots  to  the  Secretary  In  double  envelopes, 

tbe  outer  envelope  bearing  the  voter's  name.    At  the  Winter  Meeting  of  the 

Council,  the  Secretary  will  bring  the  returns  of  ballots  before  tbe  Counctl  for 

'     CMIIVS9S.  and  during  the  Winter  Meeting  of  the  Society  tbe  Council  shall  de- 

ela  re  the  result. 

4.  In  case  a  majority  of  all  the  ballots  sbail  not  liave  tieen  cast  for  any  can- 
didate (or  any  office,  the  Society  shall  by  ballot  at  such  Winter  Meeting  pro- 
ceed to  make  an  election  for  such  office  from  the  two  candidates  having  the 
biebest  number  of  votes. 

Chafteb  V 

OF  FIN  AN  CI  AL  UETBODS 

1.  No  pecuniary  obligation  shall  be  contracted  without  express  sanction  of 
the  Society  or  the  Council.  But  it  Is  to  be  understood  that  all  ordinary.  Inci- 
dental, and  running  expenses  have  the  permanent  isanctlon  of  the  Society, 
wlthoat  special  action. 

2.  Tbe  creditor  of  the  Society  must  present  to  the  Treasurer  a  fully  itemized 
bilL  certified  by  the  official  ordering  It,  and  approved  by  the  President.  The 
TreSBurer  shall  then  pay  tbe  amount  out  of  any  funds  not  otherwise  appro- 
priated, and  the  receipted  hill  shall  be  held  as  his  voucher. 

3.  At  each  annual  meeting,  the  President  shall  call  upon  the  Society  to  choose 
two  Fellows,  not  members  of  the  Council,  to  whom  shall  be  referred  the  books 
of  the  Treasurer,  duly  posted  and  balanced  to  the  close  of  November  thirtieth, 
as  specified  in  the  Bj-I^ws,  Chapter  II,  clause  4.  The  Auditors  shall  examine 
tbe  accouDts  and  vouchers  of  the  Treasurer,  and  any  nieml>er  or  members  of 
tlie  Coondl  may  be  present  during  the  examination.  The  report  of  the  Audi- 
tors shall  be  rendered  to  the  Society  before  the  adjournment  of  the  meeting, 
nni)  the  Society  shall  talce  appropriate  action. 
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CHAPm  VI 

OF   PUBLICATIONS 

1.  The  pnblinitloDH  ate  In  charge  of  the  Council  and  under  Its  control. 

2,  One  copy  of  each  publication  shall  be  sent  to  each  Fellow,  Correspondent, 
and  Patron,  and  each  author  shall  receive  thirty  (30)  copies  o[  hts  memoir. 


OF  THB  PUBLICATION  FUND 

1.  The  Puhllcatlon  Kund  xhall  consist  of  donations  made  in  aid  of  publica- 
tion, and  of  the  sums  paid  in  commutation  of  dne«,  according  to  the  By-Laws, 
Chapter  I,  clause  2. 

2.  Donors  to  this  fund,  not  Fellows  of  the  Society,  in  the  sum  of  two  hun- 
dred dollars,  shall  be  entitled,  without  charge,  to  the  pnblicationB  subsequently 
appearing. 

Chaptce  VIII 


1.  The  Order  of  BuHlness  at  Winter  Meetings  shall  be  ns  follows : 

(1)  Call  to  order  by  the  presiding  otBcer. 

(2)  Introductory  ceremonies. 

(31  Report  of  the  Council  (Including  reports  of  tiie  olHcers). 
(4)  Appointment  of  the  Auditing  Committee. 

(R)  Declaration  of  the  vote  for  offlcers.  and  election  by  the  meeting  in 
case  of  fiiilureloelect  by  the  Society  through  transmitted  ballots. 
(61   Declaration  of  the  vote  for  Fellows. 

(7)  Deferred  business. 

(8)  New  business. 
(I))    AnnoiincpmcntM. 

( 10)  Necrology. 

(11)  Rending  of  scientific  |i;i|)er!<. 

2.  At  an  adjourned  session  the  order  xhall  lie  resumed  at  the  place  reached 
on  (he  prevlooK  adjournment,  but  new  business  will  be  in  order  before  the 
reiuilng  of  scientific  papers, 

;i.  At  the  Summer  Meetlni;  tin-  Items  of  Imslness  under  numbers  (3),  (4), 
(5>.  (10)  shail  he  omltti'd. 

4.  At  any  Sik-cIhI  Meeting  the  oj'der  of  ImMhipss  shall  l>e  nuni1>ers  (H,  (2), 
<;!).  (!>).  followed  liy  the  spet-lal  linslness  for  which  the  meeting  was  called. 
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{Aiople4  bit  the  Counca  AprU  21,  1891;  BevUeS  April  SO,  1894,  Mau,  1904.  ■ 
Pebrvarv  S,  1910,  and  /Jerffm&er  ST.  19S0) 


GenEiuL  PB0VISI0N8 
Section  1.  The  CouncU  ahall  annually  appoint  from  their  own  number  a 
Publication  Committee,  conslBtInK  of  tbe  Secretarr,  the  Treasurer,  tbe  Editor, 
and  two  otbers,  whose  duties  shall  be  to  determine  the  disposition  of  matter 
(iffered  for  publication,  except  as  provided  in  Be<!tton  12;  to  determine  tbe  ex- 
l>Mlleiicf .  In  view  of  the  Onanclal  condition  of  the  Society,  of  publishing  any 
niHtter  accepted  on  its  merits :  to  exercise  general  oversight  of  the  matter  and 
mnnner  of  publication;  to  determine  the  sliare  of  the  cost  of  publication  (in- 
tliullng  illastratlons)  to  be  borne  by  the  author  when  it  becomes  necessary  to 
illvlde  cost  between  the  Society  and  the  author;  to  adjudicate  any  questions 
relating  to  publication  that  may  be  raised  from  time  to  time  by  the  Editor  or 
liy  the  Fellows  of  the  Society ;  and  in  general  to  act  for  the  Council  In  all 
uulters  pertaining  to  publication.  (Cons.,  Art  IV,  7;  Art  VII;  By-I^ws, 
cliap.  VI.) 

2.  The  duties  of  the  Editor  are  to  receive  material  offered  for  publication ; 
to  examine  and  submit  it,  with  estimates  of  cost,  to  the  Publication  Commit- 
tee; to  publish  all  material  accepted  by  the  Council  or  Publication  Committee; 
ti>  revise  proote  In  connection  with  authors ;  to  prepare  lists  of  contents  and 
general  indexes;  to  audit  bills  for  printing  and  illustrating;  and  to  perform 
all  other  duties  connected  with  publication  not  assigned  to  other  officers. 
(Cons.,  Art  IV.  6;  Rules.  Sec.  18.) 

3.  The  duties  of  the  Secretary  Include  the  preparation  of  a  record  of  the 
proceedings  of  each  meeting  of  the  Society  In  form  for  publication,  and  the 
custody,  distribution,  sale,  exchange  or  other  anthorixed  disposition  of  the  puh- 
llcatloDs.     (Cons.,  Art.  IV.  4;  Ry-Laws.  chap.  II,  2.) 

4.  Special  committees  may  be  appointed  by  the  Coiyidl  or  the  Publication 
Committee  to  examine  and  report  on  any  matter  offered  tor  publication. 
rRules,  Sec.  11.) 

The  BtlLLKTlN 
TrrLE   AND   OENEBAL   CHABACTBR 

5.  The  Society  ahall  publish  a  serial  record  of  Its  work  entitled  "Bulletin  of 
the  Geological  Society  of  America." 

6.  The  Bulletin  shall  be  published  in  quarterly  parts,  consecutively  paged 
fur  each  volimie.  The  parts  shall  be  suitably  designated  and  each  shall  bear  a 
title  setting  forth  the  contents  and  authorship,  the  sea)  and  Imprint  of  the 
Society  and  the  date  of  publication. 

7.  The  closing  quarterly  part  of  each  volume  shall  contain  an  index,  paged 
consecutively  with  the  body  of  the-  volume ;  and  it  shall  be  accompanied  by  a 
rolame  title-page  and  lists  of  contents  and  Illustrations,  together  with  lists  of 

<101) 
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th^-ll^jnlca'tlons  of  the  Society  and  such  other  matter  as  the  Pabllcatlon  Com- 
mUteemay  deem  necessary,  all  arranged  under  Roman  pagination. 

MATTER  or   THE   BULLETIN 

S.  The  matter  published  in  the  Bulletin  shall  comprise  (1)  comntuilcatloD!) 
presented  at  meetings  by  title  or  otherwise;  <2)  communications  or  memolrj 
not  presented  before  the  Society;  (3|  abstracts  of  papers  read  before  the  So- 
ciety, prepared  or  revised  for  publication  by  authors;  <4>  reports  of  dlsciut- 
sions  held  before  the  Society,  prepared  or  revised  for  publication  by  authora : 
(5)  proceedings  of  the  meetings  of  the  Society  prepared  by  the  Secretary;  (6) 
plates,  maps,  and  other  Illustrations  necessary  for  the  proper  understanding 
of  communications;  (7)  lists  of  Offlcera  and  Fellows,  Constitution,  By-Laws, 
resolutions  of  permanent  character,  rules  relating  to  procedure,  to  pnbilcatioD, 
and  to  other  matters,  etcetera,  and  (8)  indexes,  title-pages,  and  lists  of  con- 
tents for  each  volume. 

9.  Abstracts,  reports  of  discussion,  or  other  matter  purporting  to  emanate 
from  any  author  shall  not  be  published  unless  prepared  or  revised  by  tbe 

10.  Manuscript  designed  for  publication  In  the  Bulletin  must  be  complete  at 
to  copy  for  text  and  Illustration,  except  by  special  arrangement  between  the 
author  and  the  Council  or  Publication  Gomratttee;  It  must  be  perfectly  legible 
(preferably  typewritten)  and  preceded  by  a  table  of  contents  (section  IGI. 
The  cost  of  necessary  revision  of  copy  or  reconstruction  of  illustrations  shall 
be  assessed  on  the  author. 

11.  The  Editor  shall  examine  matter  designated  for  publication,  and  shall 
prepare  an  itemized  estimate  of  the  cost  of  publication  and  convey  the  whole 
to  the  Fubllcatfon  Committee.  The  Publication  Committee  shall  then  scratl- 
nize  the  communication  with  reference,  first,  to  relevancy;  second,  to  sclentlfio 
value;  third,  to  literary  character,  and,  fourth,  to  coat  of  publication,  including 
revision.  For  advice  with  reference  to  the  relevancy,  scientific  value,  and 
literary  character  of  any  communication  the  Publication  Committee  may  refer 
it  to  a  special  committee  of  their  own  number  or  of  the  Society  at  large  or 
may  call  to  their  aid  from  outside  one  or  more  experts.  Questions  of  disagree- 
ment between  the  Editor  and  authors  shall  be  referred  to  the  Putdicatlon 
Committee  and  appeal  may  be  taken  to  the  Council 

12.  Communications  from  non-fellows  shall  be  publlabed  only  by  speciOc 
authority  from  the  Council. 

13.  Communications  from  Fellows  not  presented  at  regular  meetings  of  tlie 
Society  ahall  be  published  only  upon  unanimous  vote  of  the  Publlcatirai  Com- 
mittee, except  by  si)eclllc  authority  from  the  C'ouncll. 

14.  Matter  offered  for  publication  becomes  thereby  the  property  of  the  8i)- 
ctety,  and  shitll  not  be  publlabed  elsewhere  prior  to  publication  in  the  BulletlD. 
except  by  consent  of  the  Publication  Committee. 

DKTAILS    or   THE   BUIXETIN 

ir>.  The  matter  of  each  memoir  shall  be  crusslfied  by  subjects,  and  tbe  clssal- 
ficatlon  suitably  liidlcateil  by  subtitles;  and  a  list  of  contents  shall  be  ar- 
ranged;  and  such  memoir  may,  at  the  option  of  the  Publication  Committee, 
contain  an  alphabetical  index,  provided  the  author  prepare  and  pay  for  II. 
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IS.  Proofs  ol  text  aod  Uluitrations  sbsll  be  submitted  to  authors  whenever 
practicable;  but  prlatlng  shall  not  be  delayed  b;  reaaon  of  absence  or  Inca- 
PHctty  of  authors  more  tban  oue  week  beyond  the  time  required  for  traDamls- 
skn  by  malL  Complete  prooft  of  the  proceedings  of  meetings  shall  be  sent  to 
the  Secretary,  and  proofs  of  papers  and  abstracts  contained  therein  and  et- 
«edlng  one-half  page  In  lengtb  shall  be  sent  also  to  authors. 

17.  The  cost  of  proof  correctlonn  in  excess  of  ten  per  ceot  on  the  cost  of 
prlntiiiK  may  be  charged  to  authors. 

IS.  Dnleas  the  author  of  a  memoir  objects  thereto,  the  discussion  upon  bis 
communication  shall  be  printed  at  the  end  thereof,  wltb  a  suitable  reference 
la  the  list  of  contents.  In  case  the  author  objects  to  this  arrangement,  the 
discussion  shall  be  printed  In  the  dosing  numtier  of  the  volume. 

IS.  The  author  of  each  memoir  occupying  four  pages  or  more  of  text  in  the 
body  of  the  BnlletlQ  shall  receive  40  "separates"  without  charge,  and  may 
order  through  the  Editor  any  edition  of  exactly  similar  separates  at  an  ad. 
vance  of  ten  per  cent  oa  the  cost  of  paper,  presswork  and  binding;  and  no 
author's  separates  of  such  memoirs  shall  be  issued  except  in  this  regular  form. 

20.  Authors  of  papers,  abstracts,  or  discussions  leas  than  four  printed  pagett 
Id  length  may  order,  through  the  Editor,  at  an  advance  of  ten  per  cent  on  tlie 
ciwt  of  paper,  presswork,  binding  and  necessary  composition,  any  number  of 
eitra  copies,  provided  they  bear  the  original  pagination  and  a  printed  refer- 
ence to  the  serial  and  volume  from  which  they  are  extracted. 

21.  The  Editor  shall  keep  a  record  of  all  publications  iaaued  wholly  or  In 
part  under  the  auspices  of  the  Society,  whether  they  be  author's  editions  of 
■uemolrs.  author's  extracts  from  proceedings,  or  any  other  matter  printed  from 
type  originally  composed  for  the  Bulletin. 

DIRECTIONB    TO   FBINTEB 

22.  Each  memoir  of  the  Bulletin  shall  b^n,  under  its  proper  title,  on  an 
odd-numbered  page  bearing  at  Its  head  the  title  of  the  serial,  the  volume  num- 
Der,  the  part  number,  the  limiting  pages,  tbe  plates,  and  the  date  of  publica- 
tion, together  with  a  list  of  contents.  Each  memoir  shall  be  accompanied  by 
tbe  illostrations  pertaining  to  It,  tbe  plates  numbered  consecutively  for  the 
volume. 

23.  The  author's  separates  of  each  memoir  shall  be  enclosed  In  a  cover  bear- 
ing at  the  head  of  Its  title-page  the  title  of  tbe  serial,  the  volume  number,  tlie 
limiting  pages,  and  the  numbers  of  the  contained  plates ;  in  its  upper-central 
part  a  title  Indicating  the  contents  and  authorship;  in  Its  lower-central  part 
the  seal  of  the  Society;  and  at  the  bottom  the  Imprint  of  tbe  Society.  (See 
also  sections  19  and  20.) 

24.  The  bottom  of  each  signature  and  each  Initial  page  wilt  bear  a  signature 
mark  giving  an  abbreviated  title  of  the  serial,  the  volume,  and  the  year;  and 
every  page  (except  volume  title-page)  shall  be  numbered,  the  initial  and  sub- 
title pages  in  parentheses  at  bottom. 

^.  The  page-head  titles  shall  be:  on  even-numbered  pages,  name  of  author 
and  catch  title  of  paper;  on  odd-numbered  pages,  catch  title  to  contents  of 
page. 

26.  The  date  of  publication  of  each  brochure  shnll  be  the  day  upon  which 
the  last  form  is  locked  and  put  on  the  press. 
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27.  The  tjTe  used  In  printtnK  Uie  Bnlletln  sbalf  be  as  follows :  For  n 
boAy,  long  primer,  6-to-ptca  leads;  extracts,  brevier,  8-to-plea  leads;  footnotes, 
Donparetl,  set  solid;  titles,  long  primer  caps,  witb  small  caps  for  Botbofs 
name;  snbtttles,  long  primer  caps,  small  caps,  Italic,  etcetera,  as  far  as  practi- 
cable; for  designation  of  cuts,  nonpareil  caps  and  italics,  and  for  legends,  noo- 
parell,  Boman,  set  solid ;  tor  lists  of  contents  of  brochures,  breWer,  e-to-[dca 
leads,  a  new  line  to  an  entry,  running  Indentation ;  for  volumes,  tbe  same,  ex- 
cept 4-to-plc8  leads  nnd  names  of  authors  in  small  caps;  for  indexes,  nonpareil, 
set  solid,  double  column,  leaders,  catch  words  In  small  caps,  wItb  spaces  be- 
tween Initial  letters.  For  serial  titles,  on  Initial  pages,  brevier  block  cape,  witti 
corresponding  small  caps  for  volume  designation,  etcetera ;  on  covers,  the  same, 
except  for  page  heads  long  primer  caps;  for  serial  designation,  long  primer; 
for  brochure  designation,  pica  caps;  special  title  and  author's  name,  etcetera, 
long  primer  and  brevier  caps ;  no  frame  on  cover.  No  change  In  type  shall  be 
made  to  adjust  matter  to  pages. 

28.  Volumes,  plates,  and  cuts  in  text  sball  be  numbered  In  Arabic;  Roman 
numeration  shall  be  used  only  In  signature  marks,  and  In  paging  the  llstx  or 
contents,  etcetera,  arranged  for  binding  at  the  beginning  of  the  volume. 

29.  Imprimatur  of  Editor,  on  volume  title-page;  Imprimatur  of  Council  and 
Publication  Committee,  on  obverse  of  volume  title-page;  Imprimatur  of  Secre- 
tary, on  Initial  pages  aud  covers  of  brochures  of  proceedings.  Printer's  card, 
In  fine  type  on  obverse  of  title-page. 

30.  The  paper  shall  be  for  body  at  volume,  70-pound  toned  paper,  folding  to 
16x25  centimeters;  for  plates,  good  quality  plate  paper,  smooth-surfaceil. 
white,  cnt  to  6^  x  10  Inches  for  single  plates ;  for  covers  smooth-sarfaced,  flue 
quality  70-pound  light-buff  manlla  paper. 

31.  The  sheets  of  the  brochurcH  shall  be  atttched  with  thread;  single  page 
plates  shall  bS  stitched  with  the  sheets  of  the  brochure;  folding  plates  may  be 
either  gummed  or  stitched  (mounted  on  stuba  If  necessary) ;  covers  shall  b» 
gummed. 

EDITION,  nieTBiBtmoN,  and  fbice 

32.  The  regular  edition  shall  be  750  copies  in  the  regular  quarterly  form  and 
SO  copies  separately  In  covers  of  each  memoir  occupying  four  pages  or  more 
of  text.  Each  author  of  a  memoir  occupying  not  less  than  four  pages  of  texl 
shall  receive  40  copies  of  hts  memoir  gratis.  If  two  or  more  authors  contribute 
to  a  memoir  brochure  of  four  pages  or  more  in  length,  the  edition  shall  l>e 
enlarged  so  as  to  give  each  author  40  copies.     (By-Laws,  chap.  VI,  2.) 

33.  The  undistributed  residue  of  separates  shall  be  held  for  sale. 

34.  The  Bnlletln  shall  be  seat  free  to  Fellows  of  the  Society  not  in  arrears 
for  dues,  aud  also  to  exchanging  Institutions.     (By-Laws,  chap.  I,  3.) 

35.  The  price  of  the  Bulletin  shall  be  as  follows;  To  Fellows,  libraries,  and 
Institutions,  and  to  Individuals  not  residing  In  North  America,  (9  per  volume; 
to  individuals  residing  In  North  America  and  who  are  not  Fellows,  $10.  The 
price  of  each  brochure  shall  be  a  multiple  of  Ave  cents,  and  shall  be,  to  Fel- 
lows, one  cent  per  page  plus  three  cents  per  plate,  and  to  the  public  an  advance 
of  fifty  per  cent  on  the  price  to  Fellows.  The  prices  of  the  separate  brochures 
and  of  the  quarterly  parts  may  be  found  In  the  front  of  each  volume. 
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OFFICERS,  CORRESPONDENTS,  AND  FELLOWS  OP  THE 
GEOLOGICAL  SOCIETY  OF  AMERICA 

OFFICBRB  FOR  l»lt 

Presidenl  : 
Jaues  F.  Kemp,  New  York  City 

Vice-Preside  nts: 

J.  B.  WooDWORTH,  Cambridge,  Mass. 
Arthur  Keith,  Washington,  D.  C. 
T.  W.  Stanton,  Washington,  D.  C. 
Ckaules  Pauche,  Cambridge,  Masa. 

Secretary: 

Edmund  Otis  Hove^',  American  Museum  of  Natural  History, 
New  York,  N.  Y. 

rrea*«rer; 
Edward  B.  Mathews,  Johns  Hopkins  University,  Baltimore,  Md. 

Jiditor: 
J.  Stan  ley-Brown,  2C  Exchange  Place,  New  York,  N.  Y. 

Councilors: 

(Term  expires  1921) 

William  8.  Bayley,  Urbana,  111. 
Eugene  W.  Shaw,  Washington,  D.  C. 

(Term  expires  1922) 

T.  W.  Val-ghan,  Washington,  D.  C. 
GnonoE  F.  Kay,  Iowa  City,  Iowa 

(Term  expires  1923) 

L.  C.  Giuton,  Cambridge,  Mass. 
G.  D.  LouDERBACK,  Beiltelev,  Calif. 
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MEMBERSHIP,  J9S0 
OORRaSPOUDXHTB 

Babbou,  Ohables,  Ulle,  Fraoce.    December,  1909. 

BBtkiGEB,  W.  C,  CairiBtlaiila,  Norwar.    December,  190S. 

Ca^xuni,  GiOTAnHi,  Bologna,  Italy.    December,  1910. 

Db  Gkeb,  Bason  Grbhabo,  Stockholm,  Sweden.    December,  1910. 

Geieik,  Sm  Abcbisau),  Hasslemere,  England.    December,  1909. 

Heiu,  Albbrt,  ZOrlch,  Switzerland.    December,  1909. 

Eatskb,  Euanvkl,  Marbnrg,  Germany.    December,  1009. 

KiLiAH,  W.,  Greui^le,  France.    December,  1912. 

Tball,  J.  J.  H.,  London,  England.    December,  1912. 

TiKiZK,  EuiL,  Vienna,  Austria.    December,  1910. 

FELLOW  B 

■Indicates  Original  Fellows  (see  article  III  of  Constltntlon > 

Abbe,  Clbvei^nd.  Jb.,  a2S  So.  Broadway,  Yonkers,  N.  Y.    Aaguat,  1899. 

Adaub,  Fkank  Dawbon,  McGllI  University.  Montreal,  Canada.    Dec.,  1889. 

Adaub,  Gbobog  I.,  University  of  Alabama,  Tuscaloosa,  Ala.    December.  1902. 

Alcock,  F.  J.,  Geological  Survey  of  Canada,  Ottawa,  Canada.    Dec,  1920. 

Aloen,  Wiiuau  C,  U.  8.  Geological  Survey,  Waahlngton,  D.  C.    Dec.,  1909. 

ALDBica,  Tbuuak  H.,  1026  Glen  Iris  Ave,  Birmingham,  Ala.     May,  18S9. 

Allan,  Jobn  A.,  University  of  Alberta,  Strathcona,  Canada.    December,  1914. 

Allbn,  R.  C,  1001  Kirby  Building,  Cleveland.  Ohio.    December.  1911. 

Aluno,  H.  li.,  University  of  Rochester.  Rochester.  N.  Y.    December,  1920. 

Ami,  Hbnbt  M.,  Strathcona  Park,  Ottawa,  Canada.    December,  18S9. 

Andkbbon,  Fbakk  M.,  State  Mining  Bureau,  2604  Aetna  St,  Berkeley,  Calif- 
December,  1902. 

ANMX0OX,  Robert  V.,  47  Parliament  SL.  Ixindon,  8.  W.,  Bugland.    Dec.,  1911. 

AnnREwe,  E.  C,  Qeol.  Surv.  of  N.  S.  W.,  Sydney,  N.  S.  Wales.    Dec.,  192a 

Abnold,  Ralph,  25  Broad  St.,  New  York  City.    December,  1904. 

ASHLET,  Gboboe  Hall,  State  Capitol,  Harrlsburg,  Pa.    August.  1896. 

Atwood,  Wallace  Walteb,  Clark  University,  Worcester,  Mass.    Dec.,  1909. 

Baoo,  Rufdb  Mather,  Jb.,  7  Brokaw  Place.  Appleton,  Wis.    December,  1896. 

Bain,  H.  Foster.  1023  35th  St  N.  W..  Washington,  D.  C.    December,  1895. 

Bakbb,  Manlkt  Benson,  School  of  Mining.  Kingston,  Ontario.    Dea.  1911. 

Baldwin,  S,  Pbentiss,  2930  Prospect  Ave..  Cleveland,  Ohio,    August.  1895. 

Ball,  Sydney  H.,  71  Broadway,  New  York  CHy.    December,  1905. 

Bancboft,  Joseph  A.,  McGlll  University,  Montreal,  Canada.    December.  1914. 

Babboub,  Ebwin  Hinckley,  University  of  Nebraska,  Lincoln,  Neh.    Dec,  1896. 

Babxon,  Geoboe  H.,  Boston  Society  of  Natural  History,  Boston,  Mass.  An- 
gust,  1890. 

Babtsch,  Paul.  D.  S.  National  Museum,  Washington,  D.  C.    December.  1917. 

Bascou.  Florence,  Bryn  Mawr  College,  Bryn  Mawr,  Pa.    August.  1894. 

Bassleb,  Rat  Smith,  U,  S.  National  Museum,  Washington,  D.  C.    Dec,  IfiOft 

Bastin,  Edson  S.,  U.'  S.  Geological  Survey,  Washington,  D.  0.     Dec,  1909. 

Batbuan,  Alan  Maba,  Yale  University,  New  Haven,  Conn.     December,  1916. 

Batlby,  William  S.,  University  of  Illinois,  Urbane,  111.    December,  ISSS. 
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Bmt,  Joshua  W.,  404  West  SStb  St.,  AuBtin,  Texas.    December,  1002. 
Beshui.  W.  N.,  UBlverattf  of  Otago,  Dunedln,  New  Zealand.    Dec.,  1919. 
Bout,  Chabixs  P.,  Colmnbla  Unlreralty,  New  York,  N.  Y.    Angost,  1901. 
Baa,  Edwabo  Wilber,  Johns  Hopkins  Univeraltf,  Baltimore,  Md.    Dec.,  1009. 
Beto,  Sauukl  Walkeb,  Iowa  Agrlcnitnral  Collie,  Ames,  Iowa.    Dec,  1806. 
BucKWEUiEK,  Eliot,  317  Railway  Exchange  Bldg.,  Denver,  Colo.    Dec.,  1008. 
BoCTTELL,  John  H.,  Nat.  Copper  Bank,  Salt  Lake  City,  Utah.    Dec,  1905. 
BowM,  Charles  F.,  c/o  Carter  Oil  Co.,  26  Broadway,  N.  Y.  City.    Dec,  1916. 
BowEN,  N.  L.,  Queen's  University,  Kingston,  Ont.,  Canada.    December,  1917. 
BoRiE.  WiujAU,   U.    S.   Coast   and   Qeodetlc    Survey,   Washington,    D.   C. 

December,  1019. 
B«viiocKEB,  John  Adaub,  Ohio  State  University,  Columbus.  Ohio.    Dec,  1904. 
'BuxNEB,  John  C,  Leland  Stanford,  Jr.,  University,  Stanford  Univ.,  Calif. 
BuNBon,  Edwin  Bayxb,  University  of  Missouri,  Columbia,  Mo.    Dec,  1911. 
Bgm,  J.  H.,  University  of  Chicago,  Ctilcago,  III.    December,  1917. 
BiioBAU,  Albbbt  Peut,  Colgate  University,  Hamilton,  N.  T.    December,  1883. 
Bmck,  Eeoinald  W.,  UuIy.  of  BrlUah  Columbia,  Vancouver,  B.  0.    Dec,  1004. 
RittXiw,  A.  D.,  157  Maplewood  Ave.,  Maplewood,  N.  J.    December,  1920. 
BaooKs,  Altrkd  Hdlse,  U.  8.  Geological  Survey,  Washington,  D.  a    Aug.,  1890. 
Blown,  Babnvm,  American  Museum  of  Natural  History,  New  York,  N.  Y. 

December,  1910. 
BuwN,  Cbasles  Wilson,  Brown  University,  Providence,  R.  I.    Dec,  1908. 
BnwN,  Thou  AS  Clachar,  Laurel  Bank  Farm,  Fltchbnrg,  Mass.    Dec,  lOlB. 
Bbcc^  E.  L.,  Geological  Survey  of  Canada,  Ottawa,  Canada.    Dec,  1020. 
BvcHEt,  W.  H.,  University  of  Cincinnati,  Cincinnati,  Ohio.    December,  1920. 
BrnoiROTON,  A.  F.,  Brown  University,  Providence,  R.  I.    December,  1919. 
BctauR,  Hrnrt  Andbrw,  Rolls,  Mo.    December,  1909. 

BncBASD.  E.  F.,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1020. 
BiiLi.VG,  Lancabtes  D.,  Whitehall  Petr.  Corp.,  53  Parliament  St,  Westmin- 
ster, S.  W.  I.,  Ixindon.  England.    December,  1917. 
Bdswash,  Edward  M.  J.,  University  of  Manitoba,  Winnipeg,  Canada.     De- 
cember, 1916. 
Buna.  Bekt  S.,  Box  277.  Calumet,  Mich.    December,  1912. 
BnuK.  G.  MOHTAOUE,  College  of  Mines.  Tucson.  Arizona.    December,  1911. 
Bdtts,  Charlks,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1912. 
Buwaloa,  J.  P.,  Tale  Unlveraltj-,  New  Haven,  Conn.    December,  1920. 
Cut.  G.  H.,  Fayettevtile.  Ark.    December,  1920. 

CiLHouN,  Fbkd  Harvrt  Halt,,  Clemson  College,  S.  C.    December.  1909. 
CiiKw,  Frank  C  U.  S.  Geological  Survey.  Washington,  D.  C.    Dec.  1914. 
tUtiPKLL,  Hrnby  D.,  Washington  and  Lee  DnlT.,  Lexington,  Va.    May,  1889. 
CuireELL,  Marius  R.,  U.  S.  Geological  Survey,  Washington,  D.  C.    Aug.,  1892. 
'^iMKs,  Luiz  FiLiFPR  G.  DE,  Geological  Survey  of  Brazil,  Rio  de  Janeiro. 

BraiU.  December,  1917. 
Cahull,  Charles,  Department  of  Mines.  Ottawa,  Canada.  December,  1914. 
C"W,  Stephen  E.,  Jr.,  U.  S.  Geological  Survey,  Washington,  D.  C.  Dec.,  1911. 
f^tUN.  J.  Brkist,  Ohio  State  University,  Columbus,  Ohio.  December,  1917. 
CiUR,  Frank,  SOS  S.  Chatauqua  St.,  Wichita,  Kans.  December,  1908. 
Case.  Ermine  C,  University  of  Michigan,  Ann  Arbor,  Mich.  December,  1901. 
Chadtick,  George  H.,  University  of  Rochester,  Rochester,  N.  Y.    Dec,  1911. 
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Chambebun,  Roujn  T.,  University  of  Gblcago,  Chicago,  111.    December,  1A13. 
•Ghambkblin,  T.  a,  UniTersity  of  Gblcago,  Gblcago,  III. 

Claohobd,  Cubehcb  Ratuond,  22  Dover  Road,  Wellealey,  Mass.    Aug.,  1891. 

Clapp,  Ohasub  H.,  Montana  School  of  Mines,  Batte,  Uont    December,  1914. 

Clapp,  E^ehbick  G.,  120  Broadway,  New  Tork,  N.  T.    December,  1906. 

Clabk,  Bbuci  h..  Bacon  Hall,  UuIt.  of  Callfonila,  Berkeley,  Oallf.    Dec,  IBIS. 

Clabk,  F.  E.,  U.  S.  Geological  Surrey,  Waablngton,  D.  C.    December,  1819. 

Clabk,  W.  O.,  771  Hamilton  St.,  Palo  Alto,  Calif.    December,  1920. 

Clabkk,  John  Mason,  State  Museum.  Albany,  N.  T.    December,  1887. 

Glzland,  Hbbduan  F.,  Williams  CoIl^e,  Wllllamstown,  Maes.    Dec,  190S. 

Clbuents,  J.  MonoAN,  20  Broad  St.,  New  York  City.    December,  1894. 

Cobb,  Gou-hb,  University  of  North  Carolina,  Ghapel  Hill,  N.  G.    Dec,  1894. 

GoLCVAN,  Abtettb  P.,  Toronto  University,  Toronto,  Canada.    December,  1S96. 

Gollh,  Gbobgb  li.,  Belolt  College,  Belolt,  Wis.    December,  1897. 

Gollub,  Abtbub  J.,  U.  S.  Geological  Survey,  Washington,  D.  G.    Jnne,  1902. 

GONDiT,  D.  Dale,  c/o  S.  Pearson  &  Son.  47  Parliament  St.,  London,  Engtaiid. 
December,  1916. 

Cook,  Ghabus  W.,  University  of  Michigan,  Ami  Arbor,  Mich.    Dec,  191S. 

Goose,  C.  Wtthb,  U.  S.  Geological  Survey,  Washington,  D.  a    Dec,  1918. 

OoBTE,  Edoirb,  2206  Amherst  St,  Calgary,  Alberta,  Canada.    Dec,  1906. 

Cox,  G.  H..  School  of  Mines.  Rolla,  Mo.    December,  1020. 

Gbawfobd,  Ralph  Dhoh,  1060  Tenth  SL,  Boulder,  Colo.    December,  1916. 

Gboob,  Aua  B.,  State  Museum  of  Natural  History,  Springfleld,  111.    Dec,lS9S. 
'Gbobbt,  Wuxiau  O,,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 

Cbosb,  WuiTUAN,  2138  Bancroft  Place,  Washington,  D.  C.    May,  18S9. 

COLVBB,  Oabbt  E.,  310  Center  Ave.,  Stevens  Point,  Wis.    December,  1881. 

CuuiNQB,  EnoAB  R.,  Tndlana  University,  Bloomlngton,  Ind.    August,  1901. 
■OusniNO,  Hekby  p..  Western  Reserve  University,  Cleveland,  Ohio. 

CusHUAR,  J.  A.,  Sbarou,  Mass.    December,  1919. 

Dake,  C.  I,..  MlSMOurl  School  of  Mines.  Rolla,  Mo.    December,  1920. 

Dale,  N.  C..  Hamilton  College.  Clinton,  N.  Y.    December,  1920. 

Dalt,  Beoihau)  A..  Harvard  University,  Cambridge,  Mass.    December,  1906. 

Dana,  Edwabd  Salisbubt,  Tale  University,  New  Haven,  Conn.    Dec,  1903. 
■Dabton,  Nelson  H.,  U.  S.  Geological  Survey,  Washington,  D.  G. 

Davis,  E.  F..  IS.'W  Bonlla  Ave.,  Berkeley,  Calif.     December,  1920. 
'Davis,  Wiluau  M.,  31  Hawthorne  St.,  Cambridge,  Mass. 

DAT,  Abthub  Louis,  Geophysical  Laboratory,  Washington,  D.  C.    Dec,,  1908. 

Day,  DAvm  T.,  1333  F  SL  N.  W.,  Washington,  D.  G.    August,  189L 

Dean,  Basrpobo,  Columbia  University.  New  York.  N.  Y.    December,  1910. 

Db  Golteb,  E.  L.,  06  Broadway.  New  York  City.    December,  1918. 

Deussen.  Alexandeb,  604  Stewart  Bldg,,  Houston,  Texas.    December,  1816. 

De  Wolf,  Fbank  Wilbbidoe,  Urbana,  III.    December,  1909. 

Dic'KEMSON.  Roy  F...  c/o  PaclBc  Commerelal  Co.,  Manila,  P.  1.    Dec,  1918, 
■DiLLEB,  Joseph  S.,  U.  S.  Geological  Survey,  Washington,  D.  G. 

n'iNviLLiEBe,  GnwABn  V.,  618  Walnut  St.,  Philadelphia.  Pa.    December,  1S3S. 

Dodge,  Richabd  E..  Dodge  Farm.  Washington,  Conn.    August,  1897. 

Dbare,  Noah  Fields,  Fayettevllle,  Arkansas.    E>ecember,  1898. 

Dbesseb,  John  A.,  701  Eastern  Townships  Bank  Bldg.,  Montreal,  Canada. 
December,  1906. 
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•DuuBLi,  Edwin  T.,  2003  Main  St,  Houston,  Texas. 

I>t'\Bu,  C.  O.,  UnlTerslty  of  Minnesota,  Minneapolis,  Minn.    December,  1920. 

Eui4  AnBPB  S.,  University  of  California,  Berkeley,  Calif.    December,  1889. 

EcEBL.  Enwiit  C,  Mnnaey  BalldlDg,  Waabln^on,  D.  C.    December,  1905. 

EuEEF,  Wilson  B.,  Casper,  Wyoming.    December,  1919. 

'EvERSON,  Benjamin  E.,  AmLerst,  Mass. 

EuuonB,  Wnxuu  H.,  Univ.  of  Minnesota,  Minneapolis,  Minn.    Dec.,  1912. 

'Fajichdj),  Hebmam  K,  University  of  Hocbester,  Rochester,  N.  T. 

PjEBiNOTON,  OuvKB  C,  Field  Museum  of  Natural  History,  Chicago,  111.    De- 
cember, 1895. 

Kith.  A.  E..  U.  S.  Geologlc-al  Suney,  Wiistiltigton,  I).  C.    Decembec,  1920. 

rE:(.VEifAN,  Netin  M.,  University  of  ClDclnnatl,  CinctnnaU,  Ohio.    Dec.,  1904. 

Ft^iriB,  Clabbnci  N..  Geophysical  Laboratory,  Washington,  D.  C.    Dec.,  1911. 

FciciHON,  H.  G.,  U.  8.  Geoiogloil  Survey.  WiUHhloBton,  I).  C.    December,  1920. 

f'WHO,  CASaius  Aba,  TOfi  First  Natl.  Biiiik  Bldtc,  Deliver,  Colo.     Dec.,  1908. 

FoasTE,  AcorsT  F.,  129  Wroe  Ave,,  Dayton,  Ohio.     December,  1899. 

rou,  WiLUAif  E.,  Sheffleld  Sclenttflc  School,  New  Haven,  Conn.     Dec.,  1915. 

f^om  W.  G.,  Wesleyan  University,  MIddletowD,  Conn.     December,  1919. 

FiuM.  MiRO.ir  L.,  157  Spring  St.,  Brockton.  Mass.    December,  1898. 

')«unwAy,  J.  J.,  Oi>lumbia  Unlveraity,  New  York,  N.  Y.     December,  1920. 

Gimii.  SiDNET  L.,  630  I'ark  Ave.,  Ames,  Iowa.    December.  1917. 

"kn,  Henby  Stewart,  Rural  Del.  No.  1,  Santa  Barbara,  Cullf.    Dec.,  1896. 

"aidsm,  Jcua  a..  U.  S.  Geolofclcal  Survey,  Washington.  D,  C.    Dec.,  1920. 

Gmsa,  Jameb  H.,  «K  Kennedy  Building,  Tulsa,  Okla.    December,  1911. 

RwMt,  RuasELi.  D.,  University  of  Colorado,  Boulder.  Colo.    EJecember,  1906, 

Tria,  Adah  Capekt.  Cornell  University,  Ithaca,  N,  Y.    December,  ISgS. 

<''tz\!f,  li  C..  Vanderhilt  University,  Nashville,  Tenn.    June,  1900. 

'loLDUAR,  Mabcub  Isaac,  U.  S.  Geol.  Survey.  Washington,  D.  C.    Dec..  1916. 

(ioLDTHWArr,  Jaueb  Walteb,  Dartmouth  College,  Hanover,  N.  H.    Dec.,  1909. 

(lORDon,  Chableb  H.,  University  Library,  University  of  Tennessee,  KnoxvlHe, 

Tenn.    August,  1893. 
Gobdon,  Clabence  E.,  Massachusetts  Agricultural  College,   .VmherHt,  Mess. 

December,  1913. 
<^ULD,  Chabixb  N.,  1218  Colcord  Bidg.,  Oklahoma  City,  Obla.    Dec.,  1904. 
CsARAr.  AUADEVs  W.,  Government  University,  I'ekin,  China.     Dec.  1898. 
Gbakqeb,  Waltsb,  American  Museum  of  Natural  History.  New  York,  N.  T. 

December,  1911. 
Gba.vt.  Ultssbs  Shebhan.  Northwestern  Univ.,  Evanston,  111.    Dec..  1890. 
Gbastt.  John  Shabshall,  Box  458,  Charlottesville.  Va.    December,  1911, 
Gbato.n.  Ijivih  C,  Foxcroft  House,  Cambridge.  :tR.  Maw*,     Dei-emlMT.  191.1. 
GRcnoHT.  Hebbebt  E.,  Yale  University,  New  Haven,  Conn.     August,  1901. 
Grsbre,  Fbank  Cook.  30  North  Yorktown  St.,  Tulsa.  Okla.    December,  1917. 
GBiuBun-,  Geoboe  p..  16  York  Court,  Baltimore,  Md,     Au^st.  1895. 
Gbovt,  Fbank  F..  University  of  Minnesota,  Minneapolis,  Minn.    Dec.,  1918. 
GuBLET,  WiLLiAii  F,  E.  R.,  University  of  Chicago,  Chicago.  111.    Dec.,  1914. 
Halberstaitt,  Baibo,  PottsvlUe,  Pa.    December,  1909. 

Hancb.  J.  H.,  70S  W.  Washington  Roulevard,  Urbann.  111.    l>ecenjl>er,  1920. 
Hakcock,  E.  T.,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1919, 
IlABDEB.  E.  C,  1111  Harrison  Building,  Philadelphia,  Pa.    December.  1918.  . 
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Hares,  C.  J.,  tlie  Ohio  Oil  Co.,  Casper,  Wyo.    December,  1920. 
Harbib,  OU.BBBT  D.,  Cornell  University,  Ithaca,  N.  Y.    Decem1>er,  1903. 
Harbison,  John  Bdbchuobe,  Oeorgetown,  BritlBb  Ooiaiia.    Jane,  1902. 
HABTnAOEL,  Chris  A.,  Education  Building,  Alltany,  N.  T.    Decemlter,  1B13. 
HAHTiNCiB.  JoiiN  I).,  4209  CoudHI  »t..  lA)s  Angeles,  Calif.    May,  1889. 
•Haworth,  Kbasuus,  University  of  Kansas,  Lawrence,  Kana. 

Hates,  Albert  O.,  Geological  Surrey  of  Canada,  Ottawa,  Canada.  Dea,  191B.  _^, 
IlRAi,n,  K.  C,  U.  S.  Geological  Survey,  Wnsbliigton,  D,  C.  Decenil)er,  1920, 
IlRX.NEN,  Kav  v.,  1701  Benedum-Trces  Bldg.,  Fittsborgb,  Fa.  December,  1914_:»^  J 
IIcRSHEr,  Oscar  H.,  Crocker  Building,  San  Frandsco,  Calif.  December,  1900.  CVC 
Hewett,  Dohnbl  F.,  U.  S.  Geological  Survey,  Washlngtou,  D.  C  Dea,  igiflL^J 
HicE,  Richard  B.,  Beaver,  Pa.    December,  1908. 

Hiu.,  J.  M.,  V.  S.  Geological  Survey,  Washington,  D.  C.    December,  1920. 
*HiLL,  Robert  T..  613  American  Exchai^  Bldg.,  Dallas,  Texas. 
HIU.S,  Richard  C.  Denver,  Colo.    Augnst,  1804. 

Hinds,  Henry,  Sinclair  Oil  and  Oas  Company,  Tulsa,  Oltta.    December,  191S^~K 
HiMZE.  Fesdinakb  Friis,  580  Corona  St.,  Denver,  Colo.    December,  1917. 
HoRBS,  WiLi-iAM  H.,  University  of  Michigan,  Ann  Arbor,  Mich.    August,  ISftlEl  ^J 
•Holbbook,  I-Evi,  P.  O.  Box  638,  New  York,  N.  T. 

Holden,  Rot  J.,  Virginia  Polytechnic  Institute,  Blacksburg,  Va.    Dec.,  191^      * 
Holj^nd,  Wiluau  Jacor,  Carnegie  Museum,  Pittsburgh,  Pa.    December,  191i'       -^' 
HOLUCK,  Arthur,  N.  Y.  Botanical  Garden,  New  York,  N.  Y.    Augoat,  189S. 
HOPKIKS,  O.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  191^^' 
Hopkins.  Thouas  C,  Syracuse  University.  Syracuse,  N.  Y.    December,  1804-  - 
HOTCH  KISS,  WiLLUH  Otis,  Slate  Geological  Survey,  Madison,  Wis.    Dec.,  1911— 
•HovET,  Bbhund  Oxia,  American  Mnsenm  of  Natural  History,  New  York,  N.  Y. 
HowB.  Bbnrst,  Litchfield,  Conn.    December,  1903. 
Hdbbabd,  George  D.,  Oberlin  Collie,  Oberlin,  Ohio.    December,  1914. 
Hudson,  Oeorob  H.,  Plattsburg  Normal  School,  Plattsbnrg,  N.  Y.    Dec.,  1917. 
IICNT,  Walter  F.,  University  of  Hlchigan,  Aun  Arbor,  Mich.    December,  1914. 
IInNTiNOTON,  E1.1.RWOBTH,  Hopkins  Hall,  Yale  University,  New  Haven,  Conn. 

December,  1006. 
IIussAXor,  Louis.  American  Museum  of  Natural  History,  New  York,  N.  Y. 

December,  1910. 
Hyue,  J.  E.,  Western  Reserve  University,  Cleveland,  Ohio.    Deceml>er,  1916. 
Jackson,  A.  Wendell.  9  Desbrosses  St.,  New  York,  N.  Y.    December,  1888. 
Jackson,  Robert  T.,  I'eterborougb,  N.  H.    August,  1894. 
Jaooar,  Thouas  Augitbtus.  Jr.,  Hawaiian  Volcano  Observatory,  Territory  of 

Hawaii,  U.  S.  A.    December.  1906. 
JKKFKRHON.  Mark  S.  W..  Michigan  State  Normal  College,  Ypsllanti,  MIcb.    De- 

comlKT,  1004. 
Jekfrey.  Kpwabu  C.  Harvard  University    CambrldRe  Ma'w.    December.  1914. 
JoifANNSEN,  Albert,  University  of  Chicago  Chicago   111     December,  1008. 
j.iiiNSDN.  R.  L..  U.  S.  GeoloElcal  Sunev    ttnslilngton   U  C.    December,  1019. 
JcuiNSON,  DouoLAS  Wilson,  Columbia  Iniierslh   New  lork.  N.  Y.    Dec.,  1908. 
joiiNSON.  RoswELL  H..  306  State  Hall   Uniierxlti  of  I  ittsburgh,  Pittsbui^h, 

I*a.    December,  1918. 
JotiNBTON,  William  Alfred.  Geological  Survey,  Ottawa,  Canada.    Dec.,  1916 
Kat/,  Frank  James.  U.  8.  Geological  Suney.  Washington,  D.  C.    Dec.,  1911 
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Kat,  Geokb  FwcDracK,  State  UnW,  of  Iowa,  Iowa  City,  Iowa.    Dec.,  190& 
Keith,  Akthuk,  U.  S.  Geological  Survey,  Wanhlngton,  D.  G.    Hay,  1889. 
'Kemp,  James  F..  Ckilambla  Unirerslty,  New  Tork,  N.  T. 
Kew,  W.  S.  W.,  D.  S.  Geological  Survey,  WaBhlngton,  D.  C.    December,  1020. 
Knea,  Chablbs  Boluh,  944  Fifth  St,  Des  Molnea,  Iowa.    August,  1880. 
Ki:iu.c,  Bdwabd  M.,  Victoria  Memorial  Museum,  Ottawa,  Canada.    Dec.,  1905. 
Kbe.  Cbailbs  T.,  Box  1692,  Tulsa,  Okla.    December,  191S. 
Km,  Edwin,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1912. 
KnisBT,  Ctbil  Wokkuan,  Toronto,  Ontario,  Canada.    December,  1911. 
ILiOFF,  Adolph,  Yale  Station,  New  Haven.  Conn.    December,  1911. 
Knorr,  Eleahoka  Bubs,  lOG  East  Rock  Road,  New  Haven,  Conn. 
KTOWLNn,  Frank  H.,  U.  S.  National  Museum,  Washington,  D.  C.    May,  1889. 
EuuB,  Edward  Hinrt,  University  of  Mlcblgan.  Ann  Arbor.  Mich.    June,  1902. 
EliMinx,  Hknrt  B.,  Trenton,  N.  J.    December,  1895. 
'Eusz,  George  F.,  401  Fifth  Ave.,  New  York,  N.  T. 
i-ma.  Prekric  H.,  Sun  Co.,  DnIlaR,  Texas.    December,  1917. 
I-UKB,  Hrnbt,  University  of  Washington,  University  Station,  Seattle,  Wash. 

December,  lOOa 
Uxe.  Alfred  C,  Tufts  College,  Mass.    December,  1SS9. 

'•uuH,  Earea  8.,  Jr.,  U.  S.  Geological  Survey,  Wasblngtoa,  D.  C.    Dec..  1914. 
U«oB,  Andrew  C,  University  of  Caltfomla,  Berkeley,  Cal.    May,  1889. 
la.Wiujs  Thouas,  U.  8.  Geological  Survey,  Washington,  D.  0.    Dee.,  1903. 
J*",  James  H.,  Iowa  GeolOKical  Survey,  Dea  Moines,  Iowa.    December,  1914. 
I<iTB,  Cbabixs  K.,  University  of  Wisconsin,  Madison.  Wis.    Dec.,  1902. 
Imnud,  Arthur  G.,  State  University  of  North  Dakota,  Grand  Forks,  N.  Dak. 

December.  1901. 
l-EvnETT,  Frank.  Ann  Arbor.  Mich.    August,  1890. 

Uw!B,  Joseph  Volnet,  Rutgers  College,  New  Brunswick.  N.  J.    Dec.,  1906. 
ijfflET,  Wiluak,  Princeton  University,  Princeton,  N.  J.    August,  1899, 
Li^iDOBEN,  Waldcmar,  Massachusetts   Institute  of  Technology,   Cambridge, 

Mass.    Angost,  1880. 
LisaoA.  HiGUEi.  A.  R.,  Calxa  postal  629,  Ave.  Rio  Branco  46- V,  Rio  de  Janeiro, 

Brazil.    December,  1913. 
I.rniE.  Homer  P.,  c/o  National  Research  Council.  1701  Massachusetts  Ave., 

Washington,  D.  C,    December,  1918. 
Ijjont.  E.  R.,  Box  552,  Augusta,  Kans.    December,  1919. 

IjOgan,  WnxiAM  N.,  Indiana  University,  Bloomington.  Ind.    December,  1917. 
IjOohib,  Frederick  Brewsteb,  Amherst  College,  Amherst,  Mass.    Dec.,  1909. 
LouDEBBACK,  Gboroe  D.,  University  of  California,  Berkeley,  Gal.    June,  1902. 
IjOUORLin,  Gerald  F.,  U.  S.  Geological  Survey,  Washington,  D.  C.    Dec..  1916. 
Iaw.  Albert  P..  134  McT^ren  St.,  Ottawa.  Canada.    December,  190G. 
lATLL,  RiCHAKD  SwANN,  Tale  University,  New  Haven,  Conn.    December,  1900. 
Litton.  Charles  T.,  611  17th  St.,  Denver,  Colo.    December.  1916. 
MrCALUE,  Samuel  Washington.  Atlanta,  Ga.    December,  1909. 
McCasket,  Hjkam  D.,  Central  Point,  Oregon.    December,  1901. 
McCoNNELL,  Richard  G.,  Geological  and  Natural  History  Survey  of  Canada, 

Ottawa,  Canada.    Hay,  1889. 
HacDokald,  Donald  F..  Sinclair  iill  Company  of  Iiouislann.  TncorpornttHl, 
Shreveport,  La.    December,  1915. 
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Macfarlanb,  Jambs  Rieuan,  Woodland  Road,  PittsbnnEh,  Pa.    August,  Ife^* 
McInnes,  Willuh,  Geological  and  Natural  History  Sorvey  o(  Canada,    ^^^ 

Uwa,  Ccnada.    Ma;,  1689. 
McKbllab,  Pbtbb,  Fort  William,  Ontario,  CanadA.    Angost,  1890. 
Mansfieij),  Gboroe  R.,  2067  Park  Rd.,  N,  W.,  Washington,  D.  a    Dec.,  Ift^O© 
Mabbdt,  Cuana  F.,  Bureau  of  Bolla,  Waeblngton,  D.  C.    August,  1897. 
AlAB8TEB«,  Vebxon  F.,  219  Reliance  Bldg.,  KaiiHas  Cltj,  Mo.    August,  1892^ 
Martin,  Oeobge  C,  U.  S.  Qeologlcal  Survey,  Washington,  D.  C.    June,  1902- 
Martin,  I^wbencb,  UnWeralty  of  Wisconsin,  Madison,  Wis.    December,  19Cr~>0 
Mather,  Kibtlet  F.,  Denlson  University,  Oranrtlle,  Ohio.    December,  191& 
Mathews,  Edwabd  B.,  Johns  HopUns  University,  Baltimore,  Md.    Aug.,  1S^^5 
Matson,  Georue  C,  Bos  2014.  Tulsa,  Okla,    December,  1918. 
Matthbs,  Francois  E.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    Dec.,  1914. 
Matthew,  W.  D.,  American  Museum  of  Natural  History,  New  York,  N.      ~^ 

December,  1903. 
Maukv.  Carlotta  J.,  Hustlug»<-un-Hudi4un,  N.  Y.     December,  1920. 
Matnabd,  Thouas  Poole,  1022  D.  Hurt  BIdg.,  Atlanta,  Oa.    December,  19^L4. 
Mead,  Wabren  JmiaoH,  University  of  Wisconsin,  Madison,  Wis.    Dec,  1916- 
Mbinzeb,  Oscab  E.,  U.  S.  Geological  Survey,  Washington,  D.  C.    Dec,  1916_ 
Mbndenhall,  Walter  C,  U.  S.  Geol.  Survey,  Washington,  D.  C    June,  19C:»2, 
AIbrriau.  John  C.,  Carnegie  institution,  Washington,  D.  C.    August,  1896. 
Mebbill,  Geoboe  p..  U.  S.  National  Museum,  Washington,  D.  C.    Dec,  1888— 
Mebwin,  Hebbebt  E.,  Geophysical  Laboratory,  Washington,  D.  C.    Dec,  W^-i- 
MiLLEB,  Abthdb  M.,  State  University  of  Kentucky,  Lexington,  Ky.    Dec,  18:^37. 
Milleb.  Benjamin  L..  Lehigh  University,  South  Bethlehem,  Pa.    Dec,  1904  _ 
MiLLEB,  WiLLBT  0.,  Toronto,  Canada.    December,  1002. 

MitLEB,  William  John,  Smith  College,  Northampton,  Mass.    December,  19<W. 
MisEB,  Hugh  D.,  U.  S.  Geological  Survey,  Waslilngton,  D.  O.    December.  1»16. 
MoFFiT,  Fred  Howabd,  U.  S.  Geological  Survey.  Washington,  D.  G.    Dec,  T»12. 
MoLENOBAAF,  G.  A.  F..  Technical  High  Scbool.  Delft,  Holland.    December,  1913. 
MoOBE.  Elwood  S..  Pennsylvania  State  College,  State  College,  Pa.    Dec,  laU- 
MrNN.  Malcolm  John.  Clinton  BIdg..  Tulsa,  Okla.    December,  1909, 
•Nason,  Frank  I,.,  West  Haven,  Conn. 
NEr«oN.  W.  A.,  TcTitics.';w  Geoloftlcal  Survi'.v.  NHshvllle,  Tenn,     Dec,  19211. 
Newland,  David  Hale,  Albany,  N.  T.    December.  1906. 
Newsom,  John   F.,  I.,eland  Stanford.  Jr.,  University,   Stanford  Universttj. 

Calif.    December.  1899. 
NoBi.E.  Levi  F.,  Valyermo,  Calif.    December.  1916. 

NoKTiiN.  William  11.,  C.iriiell  Collesp.  M..uiit  Wnioii.  Iowa.     Dewmber,  ISStC. 
Norwood.  Ckabi.es  J..  State  University,  I^exlngton.  Ky.    August.  18&4. 
O'CoNSEix,  Marjobie.  1939  Daly  Ave..  New  York.  N.  Y.    December,  1919. 
OfiiLviE.  Ida  Helen,  Ilnrnnrd  College.  Columbia  University.  New  Tork,  N,  1, 

December,  1906. 
O'IIara,  CleophabC.  South  Dakota  School  of  Mhios,  Rapid  City,  S.  Dak. 

December,  19<M. 
OiiERN.  Dakikl  \VEBsn:B.  51.T  \V.  14tli  St..  Okliihoma  City.  Okla.    Dec,  1911. 
Oliveira.  E.  P.  DE,  Geol.  Survey  of  Brazil,  Rio  de  Janeiro,  Brazil.    Dec,  1918. 
O'.Veilu  .1.  J..  lieolr>Kli>jil  Siirvoy  ,.f  CirLii-l,!.  (Htiiwa.  rniiadn.     I>ec,  1920. 
0,'!BORN.  Henry  P,.  American  Museum  of  Natural  HlKlory,  New  York,  N.  Y. 

August,  1R94. 
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Pack,  Robebt  W.,  American  Exchange  NRtlonal  Bank  Bldg..  Dallas,  Texas. 
December,  1916. 

PuGE,  SiDNBT,  U.  S.  Geological  Snn-ey,  Wasblngton,  D.  C.    December,  1911. 

TiucRE,  Chables,  Harvard  Univeralty,  Cambridge,  Mass.    August,  1897. 

Pauib.  WiLLuii  A.,  University  of  Toronto,  Toronto,  Canada.    Dec,  1906. 

•PAnoN,  HoBACE  B.,  911  Foster  Building,  Denver,  Colo. 

Peck,  Fredebick  B.,  Lafayette  College,  Ea»ton,  Pa.    August,  1901. 

Penidse,  Richabd  a.  F.,  Jb.,  460  Bullitt  Bldg.,  Phtladelpbla,  Pa.    Hay,  1889 

PuKi:is,  Geoboe  H.,  University  of  Vermont,  Burlington,  Vt.    June,  1902. 

PiUT,  Joseph  H.,  276  Hlgliland  SL,  Worcester,  klass.    December,  1S88. 

Phalen.  Wn.uAii  C,  The  Solvay  Process,  Syracuse,  N,  Y.    December,  1912, 

Phillips.  Alexandeb  H.,  Princeton  University,  Princeton,  N.  i.    Dec.,  1914. 

1'Mi-E,  Joseph  E..  29  Fifth  Ave,  New  York  City.    December,  1911. 

Uveas,  Sidney.  Amerada  Petr.  Corp..  Tulsn.  Okla.     December.  1920. 

Purr,  Joseph  H.,  North  Carolina  Geol.  Survey,  Chapel  Hill,  N.  C.    Dec.,  1898. 

I'lATT,  W.  E..  Humble  OH  auil  Refilling  Co..  Houston,  Texas.    Dec.,  1920. 

PiiCE.  WitJJAM   A.,  Jb.,   c/o  Compnula   Transcontinental  de   Petroleo,   S.   A, 
Aparrado  65T,  Tamplco,  Tamaultpan,  Mexico.    December,  1916. 

Puddle.  Ix>uis  M.,  U.  B.  Geological  Survey.  Washington,  p.  C.    Dec,  1912. 

Pmltt.  WIU.IAM  F..  Univ.  of  North  Carolina,  Chapei  Hill,  N.  C.    Dec.,  1911. 

'Pi'MPELLv,  Raphael.  Newport,  E.  I. 

Ransoub,  Fbbdekick  L.,  U.  S.  Geol.  Survey.  Washington,  D.  C.    August,  18(Ki. 

Hatuond,  Pebcy  EnwABn,  Museum  of  Comparative  Zoology,  Cambridge.  Mass. 
December,  1907. 

Row.  Chesteb  a..  American  Museum  of  Natural  Hlatorj-,  New  York,  N.  Y. 
Deceml>er,  1913. 

Redd,  David  B.,  Box  816,  Morgantown,  W.  Va.    December,  1918. 

Bud,  Habbt  FiELmno,  Johns  Hopkins  University,  Baltimore,  Md.    Dec..  1892. 

Hn!<ECKE,  Leopold,  c/o  P.  A.  Williams,  I>onnda,  Angola.  S.  W.  Africa.    De- 
cember, 1916. 

HicE,  WiixiAM  NoBTii,  Wesleyan  University,  Mlddletown,  Conn.    August,  1890. 

Rich,  .Ions  l.TO.\,  Box  294,  Tola,  Kans.     Decemlier.  1912. 

HiniARDS,  R.  W..  U.  S.  Ceiiliieical  Survey,  WasUhiBt.m,  D.  C.    Decpmher,  1920. 

RtrKAKDHOM,  Chabi.eb  H..  Syracuse  University,  Syracuse,  N..  Y.    Dec.,  1899. 

nicRAKDSON,  Gbobob  B.,  U.  S.  Geol.  Survey,  Washington.  D.  C.    Dec.,  1908. 

KiEB.  Heinrich,  Cornell  University,  Ithaca,  N.  Y.    December,  1893. 

Ricrfw,  Eluer  S.,  Field  Museum  of  Natural  History,  Chicago,  III.    Dec.,  1911. 

RoBiKBON,  Henry  Hollister,  Hopkins  Hall,  New  Haven,  Conn.    Dec.,  1916. 
Roi»T.  H.  J.,  State  Normal  School,  Mlllersville,  Pn.    December.  1019. 
liOGEBS,  Austin  F.,  Stanford  University,  Calif.    December,  1918. 
Rose,  Brite,  .18  Canada  I.lfo  RUIft,.  CnlEnry,  All)crtfi.  Canada.    Dec.  1916. 
Rowe,  Jesse  Pkbby,  University  of  Montana,  Missoula,  Mont.    December.  1911. 
BiTEPEUA-tN,  RtDoi.F,  Albany,  N.  Y.    December,  19ft'i. 
BCTLEDGE.  John  Joseph.  McAlester,  Okla.     December,  1911. 
St.  Jo«n,  Orestes  H.,  1141  Twelfth  St.,  San  Diego,  Calif.    May.  1889. 
Sales,  Reno  H.,  Anaconda  Copper  Mining  Company,  Butte,  Mon.    Dec.  1916. 
Sayles,  Robert  Wilcox.  Harvard  University,  Chestnut  Hill,  Mass,    Dec,  1017. 
■Saubburt,  Roujk  D.,  University  of  Chicago,  Chicago.  III. 
SAUtesoN,  Fbbdebick  W.,  Univ.  of  Minnesota,  Minneapolis.  Minn.    Dec,  1892. 
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t.yGoo'^lc 


114  PROCEEDINOS    OF    THE    CHICAGO    MEETING 

Savaoe,  Thouas  Eduund,  Unlrerslt;  at  Illinois.  Urbana,  III.    December.  IBC^' 

ScHALLER.  Waldeuab  T.,  U.  S.  Geol.  Surrej",  WaRhington.  D.  C.    Dec.,  1918— 

ScHOFiELD,  8.  J..  Geological  Survey  of  Canada.  Ottawa.  Canada.    Dec.,  19K_* 

ScHBADBB,  Fbank  C,  U.  S.  Oeol(«lcBl  Surrey.  Wasblngton,  D.  C.    Aug.,  19C»3. 

ScHDCHEBT,  Chakles,  YbIc  University,  New  Haven.  Conn.    August,  18&5. 

ScHUiTZ,  Alfbed  R.p  Hudson,  Wis.    December,  1912. 

Scon,  William  B.,  Princeton  University,  Princeton,  N,  J.     August.  1892. 

Seauan,  Abthub  E.,  Michigan  College  of  MlneR,  Houghton,  Mich.    Dec.  1904. 

fiELiABDS.  Ei.iAB  II..  University  of  Texan,  Austin.  Texas.    December,  1905. 

Shaler,  Millabd  K.,  66  Riie  Des  Colnnus.  Bruasels,  Belgium.    Dec.,  1914. 

Shannon,  Chableb  W.,  Oklahoma  Oeol.  Survey,  Norman.  Obla.    Dec..  1918. 

Shatttjck,  George  Bubbank,  Vaasar  College,  Poughkeepaie,  N.  T.    Aug.,  189fl. 

Sraw,  Ecoene  W.,  U.  S.  GeoI<^cal  Survey,  Washington,  D.  C.    Dec.,  1912. 

Shedd.  Solon.  State  College  of  Washington,  Pullman.  Wash.    December,  1904. 

Shepabd,  Edward  M.,  1403  Benton  Ave.,  Siirlngfleld,  Mo.    August,  1901. 

Shimek,  BoHuiiiL,  University  of  Iowa,  Iowa  City,  Iowa.    December,  1904. 

Shimes,  Hertet  WoonBVRN,  Massachusetts  Institute  of  Technology,  Cam- 
bridge, Mass.    December,  1910. 

SiuTLBR,  E.  W.,  South  Methodist  University,  Dallas,  Texas.     December,  1920. 

SiEBENTHAL.  CLAUDE  E..  U,  S.  GeoI.  SuFvcy,  WashtngtOD,  D.  C    Dec.,   1912. 
•SiMONDS.  Frederick  W.,  University  of  Texas,  Austin,  Texas. 

Sinclair,  William  John,  Princeton  University.  Princeton,  N.  J.     Dec.,  1906. 

SiNOBWALD,  Joseph  T.,  Johns  Hopkins  University,  Baltimore,  Md.     Dec..  1911. 

Swan.  Eable,  Charleston,  S.  C.     December,  1908. 

Smith,  Bobnett,  Syracuse  University,  Skaneateles,  N.  Y.    December,  1911. 

Smith,  Cabl,  Bos  1138.  Tulsa.  Okla.    December,  1912. 
■Smith,  Evqene  A..  University  of  Alabama,  Unlyerslty,  Ala. 

Smith.  George  Otis.  U.  S.  Geological  Survey,  Washington,  D.  C.    Aug..  189T. 

Smith,  Philip  8.,  U.  S.  Geological  Survey,  Washington,  D,  C,    Dec.,  1909. 

Smith.  Warren  Du  Pr6,  University  of  Oregon,  EuRene,  Ore.    r>ecember,  1909, 

Smith.  W.  S.  Tangier,  640  Tennyson  Ave.,  Palo  Alto,  Calif.    June,  1002. 
•Smock,  John  C.  Hudwjn.  N.  Y. 

Smyth.  Charles  H..  Jn..  Princeton  Unlverslt,v,  Princeton.  N.  J.    Aug..  Ifi02. 

Smyth,  Henry  J...  Harvard  I!nlversity,  Camhrkljje,  Mass.     Augnst.  Ififl4. 

SoMKRB.  R.  F...  on  and  (iws  Bldc-.  University  of  I'ittsliurch.  ntlslHirgh.  Pa. 
I>e<-euilier,  Itilft. 

Soper,  Edgar  K.,  IIJO  Brondniiy.  New  York  City,  Kooin  3101.     December,  l»lh. 

SoRMAN,  R.  It.,  Geo|ihysk'ii1  I,iil"iratory,  Wnshlnston.  D.  C.     Decpmlier,  1920. 

Speight,  Uobert.  Christ  Church,  Canterbury  College,  New  Zealand.    Deo..  191(1. 

SpEN<KK.  .\RTiirK  Cof..  T.  S.  < ifoloirlcal  Survr.v.  Wiishiiiirton,  I>.  C.     Dec..  1S1»6. 
•Si'K.MKR.  J.  \V.,  I)  KnrI   St..  Ti.i-i.t[|.i.  riiniirlii. 

Springer,  P'rank.  U.  S.  Niitloiijil  Museum.  WiisliijiRton.  D.  C.    December,  1011, 
SrvRR,  Josiah   K.,  c/o  EnBiiiepriu)'  and  Mining  .loiirnal.  10th  Ave.  and  S6th 

St.,  New  York,  N.  Y.     December,  1KSI4. 
Sta.nley-Bbown.  Joseph,  26  Kxchanne  Place,  New  York.  N.  Y.    AugiiHt,  1802. 
.><TA.NTON.  Timothy  \V..  I'.  S.  Njiltoniil  Museum,  Waslilnjil.in.  D.  C.    Auk..  ISOl. 
Stauffer,  Cli.nton  R..  Univ.  of  Minnesota,  Minneapolis.  Minn.    Dec.,  1911. 
Stebinoer.  Eugene,  Jr..  U.  S.  Geological  Survey.  Washington.  D.  C.    Dec.,  1016 
STEinTMANN,  Edwaru,  University  of  Wisconsin.  Madison,  Wis,     Dec.,  1916. 
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Stiphbkbon,  Llotd  W.,  D.  S.  Oeol.  Survey,  WaBhlngton,  D.  C.    Dec.,  1911. 
■Stktebson,  Johw  J.,  215  West  101st  St.,  New  York,  N.  T. 
Stoixn,  Jaheb  Hough,  Union  College,  Schenectady,  N.  T.    December,  1B17 
SiYiNE,  Ralph  Walteb,  U.  S.  Geological  Survey,  Waahinston,  D.  G.    Dec,  1912. 
Stose,  GtOBOB  WiLUB,  U.  a.  Geolo^cat  Survey,  Waeblngton,  D.  C.    Dec.,  lUOS 
Stout,  Wiiaeb,  Geological  Survey  of  Ohio,  Colnmbus,  Ohio.    December,  1918 
SwABTz,  Charles  K.,  Johns  Hopkins  Univer^ty,  Baltimore,  Md.    Dec.,  1908. 
Tabeb,  Stephen,  Unlvcrt<»y  of  South  Carolina,  Columbia,  S,  C.    Dec..  1914. 
TAiT.  JiiBEFH  A.,  781  Flood  Building,  San  FrBndBeo,  Cal.     August,  1895. 
rAi.Bor,  UraNon,  Mount  Holyoke  College,  South  Hadley,  Mass.    Dec.,  1913 
TAI.UAOB.  Jaues  E..  4T  B.  So.  Temnle  St..  Salt  Lake  City,  Utah.    Dec..  18»7. 
Tau.  William  Akthub,  University  of  Missouri,  Columbia,  Mo.    Dec.,  1917. 
Tatlob,  Fbark  B.,  Fort  Wayne,  Ind.    December,  1896. 
TiLTO.'^.  J.  Ii.,  Morgantown.  W.  Va.    December,  1920. 
■Todd,  James  E.,  905  Missouri  Are.,  Lawrence,  Kans. 

ToLUAii,  Ctbub  FiBHEB,  Jb.,  Leland  Stanford,  Jr.,  University,  Stanford  Uni- 
versity, Calif.    December,  1909. 
ToMUNsos,  Cbables  Wfxooh,  714  Ideal  Bldg.,  Denver,  Colo.    December,  1917. 
TaowBRtDoe,  Artiiub  C,  State  t'niv.  of  Iowa,  Iowa  City,  Iowa.    Dec,  1913. 
■Tl'hkeb,  Henbt  W.,  Mills  Building,  San  Pmncisco,  Calif. 
TwEMioFEL,  WiiJjAM  H.,  University  of  Wisconsin,  Madison,  Wis.    Dec.,  1913. 
TwrrcBBLL,  Mayvillk  W.,  State  Geological  Survey,  Trenton,  N.  J,    Dec.,  ICll. 
Ttibell,  Joseph  B.,  Confederation  Life  Bldg.,  Toronto,  Canada.    May,  1389. 
Udden,  Johan  a..  University  of  Texas,  Austin,  Texas.    August,  1897. 
I'liick,  Edwabd  O.,  U.  S.  Geological  Snrvej-,  Washington,  D.  C.    Dec..  WOS. 
Phpleby,  Joseph  B.,  University  of  Oklahoma,  Norman,  Okla.    Dec.,  1913. 
'Uphau,  Wabren,  Minnesota  Historical  Society,  Saint  Paul,  Hlnn. 
Van  Bobh,  F.  R.,  Case  School  of  Applied  Science,  Cleveland,  Ohio.    Dec.,  1898. 
VAN  Inoen,  Ghaebt,  Princeton  University,  Princeton,  N.  J.    December,  1904. 
Van  TdTL,  Fbancis  M.,  Colorado  School  of  Mines,  Golden.  Colo.    Dec.,  1917. 
\'AuaHAN,  T.  Wayland,  U.  S.  Geol.  Survey,  Washington,  D.  C.    August,  1896. 
\eatch,  Abthub  Cliftobd,  7  Central  Drive,  Port  Washington,  N,  Y.    Decem- 

i)er,  inoe. 

•VooDEs,  Anthoht  W..  2425  First  St,  San  Diego,  Calif. 

Wade.  Bbi'ce,  State  Oeoi<^oal  Survey,  Nashville.  Tenn.    December,  1920. 
'Waoswobth,  M.  Edwabd,  School  of  Mines,  Univ.  of  Pittsburgh.  Pittsburgh,  Pa. 
■Walcott,  Chablcb  D..  Smithsonian  Institution.  Washington.  D.  C. 

Walker,  Thomas  Jj.,  University  of  Toronto,  Toronto,  Canada.    Dec.,  190.1. 

Warren,  Crables  H.,  Massachusetta  Institute  of  Technology,  Boston.  Mass, 
December,  1901. 

Washbibne,  C.  W..  60  Lllwrty  St.,  New  Yofk,  N.  Y.    December,  Ifill). 

WABRiitoTON,  Henbt  Stepkekb,  Geophysical  Laboratory,  Washington,  D.  C. 
Aagust,  1896. 

Watsow,  Thomas  L,,  University  of  Virginia,  Charlottesville,  Va.    June,  1000. 

Wea\'EB,  Charles  F,..  264  Herkimer  Road.  Uticn.  N.  Y.     December,  191.3. 

Weed,  Walter  H.,  Tuckahoe,  N.  Y.    May,  1889. 

Weoemank,  Cassoll  H.,  1129  Pennsylvania  St.,  Denver,  Colo.    Dec.,  1012. 

Weiruan.  Sami'el,  814  Monett  St.,  Norman,  Ohia.    December,  lOCXi. 

Weller,  Stuart,  University  of  Chicago,  Chicago,  111.    June,  1900. 
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Westgate,  Lewis  ii.,  UI6  MorninEBldp  Drive.  New  Yorh  City.    AoRnst,  1884. 

Whebbt,  Epcab  T.,  Bureau  or  Chemistry,  Washington,  D.  C.     Dec.,  1915. 

White,  David,  U.  S.  National  Museum,  Washington,  D.  C.    May,  1888. 
•White,  Isbael  C,  Morgantown,  W.  Va. 

\^'HITLncK,  H.  P.,  Amer.  Museum  of  Natural  HLitory,  N.  Y.  City,     Dec..  1920. 

WiELAND,  George  Rbbbr,  Yale  University,  New  Haveo,  Conn.    December,  1910. 

WiLBER.  Prank  a.,  North  Holston,  Smyth  County,  Va.    December,  190S. 
•Williams,  Edward  H..  Jr.,  Woodstock,  Vt. 

Williams,  Iba  A.,  Oregon  Bureau  o(  Mines  and  Geology,  417  Oregon  BIdg.. 
Portland,  Ore.    December,  1905. 

Williams,  Mebton  Yabwood,  Oeologlral  Survey,  Ottawa,  Canada.    Dee.,  1916- 

Wu-LIB,  Bailet.  Inland  Stanford,  Jr.,  University,  Calif.     December,  1SS9. 

Wilson,  Alfred  W.  G.,  Department  of  Mines,  Ottawa,  Canada.    June,  1902. 

Wilson.  Morlet  Evans,  Geological  Survey,  Ottawa,  Canada.    December.  1916. 

WiNcHELL,  Alexander  N.,  University  of  Wisconsin,  Madison,  Wis.  Aug.,  1901. 
•WiNcHELL,  Horace  Vaughn,  First  National  Society  Bldg.,  Hinneapolls,  Minn. 
'Winslow,  Arthur,  131  State  St.,  Boston,  Mass. 

Wolff,  John  E.,  Harvard  University,  Cambridge,  MasR.    December,  1889. 
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I  Session  op  Tuesday,  December  28 

The  first  general  session  of  tlie  Society  soherlulert  for  2  p.  m.  Tuesday, 
Ileocmlier  28,  was  postponed  until  Wednesday  morning,  so  that  the  mem- 
lierstoulil  meet  with  the  Fellows  of  the  Geological  Society  of  America 
for  Ihe  reading  of  the  etratigraphic  and  paleontologic  papers  forming 
'!taap  B  of  that  Society's  program.. 

Tuewlay  evening  the  members  met  at  Rosenwald  Hall  with  the  Geo- 
logical Society  of  America,  the  Mineralogioal  Society,  and  the  Society  of 
ii-onomic  Geologista,  t«  hear  the  addresses  of  I.  C.  White,  retiring  Presi- 
dent of  the  Geological  Society,  and  of  C.  K.  Leith,  retiring  Vice-President 
of  Section  E,  American  Association  for  the  Advancement  of  Science,  fol- 
loning  which  the  four  societies  participated  in  a  joint  smoker. 


Session  of  Wednesday,  December  29 

Tiie  twelfth  annual  meeting  of  the  Society  was  called  to  order  hy  Presi- 
ent  LoomiK  at  9.Z0  a.  m.,  Decemher  29,  in  Walker  Museum  of  the  Uni- 
ersity  of  Chicago.  The  report  of  the  Council  was  presented  by  the 
ecretary  as  the  first  matter  of  business. 
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REPORT   OF   THE   COUNCIL 

To  the  Paleonfoloffifal  Sociely,  ut  iwelflh  annual  meeting  assembled: 

The  meetings  of  the  Council,  as  heretofore,  have  been  limited  to  one 
following  the  last  annual  meeting  and  one  immediately  preceding  tW 
present  eeseion,  all  other  business  having  been  transacted  by  correspond- 
ence. The  Council's  administration  of  the  Society's  business  for  Ibe 
twelfth  year  is  prei<ented  in  the  following  reports: 

Sgcketabt's  Report 
To  the  Council  of  ike  Paleoatological  Society: 

The  proceedings  of  the  eleventh  annual  meeting  of  the  Society,  held 
at  Bootun,  Massachusetts,  December  30-31,  1919,  are  printed  in  volume 
31,  pages  197-232,  of  the  Bulletin  of  the  Geological  Society  of  America. 

The  Council's  proposed  nominations  for  officers  and  the  announoemei)! 
that  tlie  twelfth  annual  meeting  of  the  Society  would  be  held  at  Chicago. 
l>ecember  28-30,  1920,  as  the  guest  of  the  University  of  Chicago,  was 
issued  March  15,  1920. 

The  nomination  of  Br,  Arthur  HoUick  as  representative  of  the  Pale- 
ontological  Society  on  the  Board  of  Control  of  Botanical  Abstracts  lo 
suofeed  Dr.  F.  H.  Knowlton,  whose  term  had  expired,  waa  approved  by 
tlie  Council. 

Membership. — During  the  year  the  Society  has  lost  three  members  by 
deatli :  Mr,  Walter  R.  Billings,  of  Ottawa,  Ontario,  nephew  of  E,  Billing^ 
and,  like  his  distinguished  relative,  a  student  of  the  invertebrates  of  the 
Lower  Paleozoic  rocks  of  Canada;  Mr.  Homer  Hamlin,  of  Los  Angeks. 
California,  and  Mr,  Wilbur  L.  Moody,  of  Berkeley,  California,  both  slu- 
deiits  of  Pacific  Coast  paleontology  and  stratigraphy. 

One  member  has  resigned  during  the  year,  the  election  of  fourteen  new 
members  has  just  been  coucluiled,  and  ilve  additional  nominations  are 
awaiting  consideration  at  the  present  meeting.  This  year  four  of  our 
members  have  been  elected  to  fellowship  in  the  Geological  Society  uf 
America.  The  result  of  these  various  changes  leaves  the  total  number  of 
members  at  the  end  of  1920  as  209. 

Publicalicns. — Besides  the  Proceedings,  eight  papers  published  by  the 
Society  in  tlie  Bulletin  of  the  Geological  Society  of  America  have  been 
distributed  to  the  members  during  the  course  of  the  year. 

Pacific  Coast  Section. — The  tenth  annual  meeting  of  the  Pacific  Coa-i 
Section  of  the  Paleontologieal  Hoeiety  was  held  at  Seattle,  Washinf-'lo". 
June  18,  1920,  in  conjunction  with  the  Cordilleran  Section  of  the  (ieo- 
logical  Society  of  America,  the  two  societies  participating  in  the  fourth 
annual  meeting  of  the  Pacific  Division  of  the  American  Association  for 
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(he  Advancement  of  Science.  The  meeting  was  called  to  order  by  Dr. 
P..  L.  Packard,  in  the  .Science  Hall  of  the  Univeraity  of  Washington,  and 
nine  papers  on  the  paleontology  and  stratigraphy  of  the  west  coast  were 
presented.  As  an  item  of  business,  it  was  moved  and  carried  that  the 
new  officers  of  the  Pacific  Coast  Section  should  be  voted  on  by  mail  at  a 
later  date  determined  by  the  secretary. 

The  election  of  ofBcera  was  held  in  October,  1920,  with  the  following 
results : 

President,  E.  L.  Packard. 

Vice-PreMdent,  B.  L.  Clark. 

Secretary,  Chesteh  Stock. 

The  minutes  of  tliis  section  are  printed  on  pages  143  to  149  of  this 
Bulletin. 

Respectfully  suhmitted,  R.  S.  Bassler, 


W.tsiiiMOTON,  D.  C,  December  27,  1920. 

Teeasurrb'S  Report 


Secrelary. 


To  Ike  Council  of  the  Paleontological  Society: 

The  Treasurer  begs  to  submit  the  following  report  of  the  finances  of 
the  Society  for  the  fiscal  year  ending  December  24,  1920 : 


Casb  on  band  December  20,  1B19 9623.76 

Membersblp   fee. 276.30 

Intere?it.  Connecticut  Savings  Bank 23. GS 

$923.64 

EXPENDITUeCS 

Treasurer's  office : 

Treasurer's  allowance. $25.00 

Printing  and  postage 16.50 

' J41.50 

Secretary's  offlce: 

Secretary's   allowance |50.00 

Office  expenses 68.52 

Clerical  help. 25 .  00 

143.62 

Geological  Society  of  America : 

For  printing  separates 54.94 

Pacific  Coast  Section: 

Assessment  for  the  American  Association  for  the  Ad- 
rancement  of  Science. . 


1  hand  December  24,  1920.. 
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Net  Increase  la  funds tU.SZ 

OutstundlDg  dues  (1B19),  2. $6.00 

Outstanding  dues  (1920).  3. 9.00 

$13.00 

B«spectfully  submitted, 

RicHABD  S.  Lull, 

Treasurtr. 
New  Haves,  CossErTicuT,  December  21,  1920. 

APPOINTMENT   OF    AODITINO   COMMITTEE 

Following  the  reading  of  the  Treasurer's  report.  President  Loomis 
appointed  Messrs.  Stuart  Weller  and  A.  \V.  Slocom  as  a  committee  to 
audit  the  accounts, 

ELECTION  OF  OFFICERS  AND  MEMBERS 

The  result  of  the  ballots  for  the  election  of  officers  for  1921  and  of  new 
members  vas  then  announced  as  follows : 

OFFlCBRa  FOR  mi 

President  : 
T.  W.  Stanton,  Washington,  D.  C. 

First  Vice-President: 

C.  K.  SwAHTZ,  Baltimore,  Maryland 

Second  Vice-President: 

\V.  J.  SiNCLAin,  Princeton,  New  Jersey 

Third  Vice-Presideut: 

Aethur  Hollick,  New  Vork  City 

Secretary: 

R.  S.  Bassler,  Washington,  D.  C. 

Treasurer: 

Richard  S.  Lull,  New  Haven,  Connecticut 

Editor: 

Walter  OttAXOER,  New  York  City 
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Wfiir  MBUBBRa  FOR  im 

I'EBBT  A.  GucK,  502  East  Spriugfleld  Street,  Charapalgn,  111. 

[j»»ABii  WiuRiEB  Hehbt,  Morton  Street.  I'ortersvllle,  Calif. 

Rayuond  R,  Hibbakd,  460  Carlton  Street,  Buffalo.  N.  T. 

Hehbt  V.  Howe,  1014  Aider  Street,  Eugene,  Oregon. 

DoiOTHT  B.  Kehpeb.  2B27  Benevenue  Street,  Berkeley,  Calif. 

GeouE  Fbedebics  Hattkew,  115  Carmarthen  Street,  St.  Jobn,  N.  B. 

fLOBENcE  Emma  Moses,  5424  ClnremoDt  Avenue,  Oakland,  Calif. 

.\DOLr  Cabl  No£,  Unlventlty  of  Cblcago,  Chicago,  111. 

EfiTiiEa  E.  RicHABDs,  Rio  Bravo  Oil  Companj',   Southern  Paclflc  Building, 

HouKton,  Texas. 
RicHABD  Joel  Russell,  2412  Piedmont  Avenue,  Berkeley,  Calif. 
Arthlr  Wabe  Slocom,  Walker  HuseuiD,  UniveDtlty  of  Chlrago,  Chicago,  111. 
Frank  Peteb  Stbickland,  Jr..  640  Oakland  Street,  Kansas  City,  Mo. 
Pabkeb  Daviks  Trask,  1.102  Alice  Street,  Oakland,  Calif. 
Altbed  U8waij>  Woodfdbh,  Pomona  College,  Olaremont,  Calif. 

AMENDMENT   TO    THK   CONSTITUTION 

The  .Secretary  then  announced  the  result  of  the  balloting  regarding 
the  proposed  amendment  of  Article  III,  section  5,  of  the  Constitution, 
namely:  "Fellows,  MembtTS,  and  Patrons  are  entitled  to  vote,  but  only 
Fellows  are  eligible  to  office  in  this  Society,"  lie  amended  so  as  to  require 
only  that  the  President  of  the  Society  be  a  Fellow.  The  amendment  was 
lost,  as  less  than  one-half  of  the  Fellows  voted  favorably,  iustead  of  the 
nec'essary  three-fourths. 

NEW    NOUIN.XTIONS  AND  ELECTION   TO    UEMRBRSHIF 

The  president  then  directed  the  Secretary  to  read  the  list  of  new  nomi- 
nations, which  had  arrived  too  late  for  the  printed  ballot  and  which, 
having  received  the  approval  of  the  Council,  were  under  consideration 
for  election : 

Pail  C  Uiuj:b,  Ai«lHtant  Curator  of  I'aleontology,  Walker  Museum,  Univer- 
sity ot  Chicago.    I>ropoRed  by  R.  S.  Rlggs  and  F.  B.  Ijoomis. 

Richard  Newman  Nelson,  graduate  student.  Untrersity  of  California.  B.  A. 
CntverHity  of  f)regon  (1B19).    Proposed  hy  Oiiester  Stock  and  B.  I^  Clark. 

NoRHA.N-  E.  Nelson,  llfl  East  Eighth  Street,  Fort  Worth.  Texas.  Student  of 
Cretaceous  paleontology  and  stratigraphy.  Proposed  hy  E.  O.  Ulrich  and 
R.  S.  Bassler. 

M'iLL  HcClain  WisTON,  Professor  of  Blologj-  ahd  Geology.  Texas  Christian 
University,  Forth  Worth,  Tesas.  M.  S.,  A'anderbilt  irnlverslty  (1908). 
Proposed  by  E.  O.  Ulrich  and  R.  S.  Bassler. 

'►rro  T.  Wai.trb,  Research  asHlMtant  in  paleontology.  University  of  Iowa. 
M.  S.,  University  of  Iowa  1 1917).  Proposed  by  A.  O.  Thomas  and  R.  S. 
BaasleF. 
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Upon  motion  by  Professor  Weller,  it  was  voted  that  the  By-Laws  be 
suspended  and  that  the  Secretary  cast  the  vote  of  the  Society  for  the 
election  to  membership  of  these  five  new  nominees. 

ELECTIOX   OF    CORRESPONDENT 

President  Loomis  then  reported  that  the  Council  favored  the  election  a 
Correspondent  of  Monsieur  Ferdinand  Canu,  18  Rue  du  Peintre  Lehrun. 
Versailles,  France,  in  view  of  his  repearches  on  paleogeogrnphy  and  his 
various  monographs  and  essays  on  the  fossil  bryozoa  of  both  Europe  and 
America,  his  work  on  the  latter  culminating  in  the  two  quarto  volinneii 
forming  Bulletin  106,  TJ.  S.  National  Museum,  entitled  "North  Amer- 
ican Early  Tertiary  Bryozoa."  Monsieur  Canu's  election  followed  k 
unanimous  vote. 

With  the  completion  of  the  business  meeting,  the  Society  proceedei), 
in  general  session,  with  President  Loomis  in  the  chair,  to  the  reading  of 
papers. 

PHESENTATION   OP   PAPEItS 

The  first  paper  of  the  session,  presented  by  the  author  and  illustrated 
by  lantern  slides,  gave  the  results  of  ten  years  of  exhibition  work  iii 
paleontology  at  the  Nev  National  Museum;  discussion  by  Messrs.  Mocre 
and  Weller. 

PALEOSTOLOOICAL  BXHIBiTe  AT   TUB   V.   8.  XATIOSAL   UVBEVM 


{Ahgfravt) 
Ah  this  meeting  marks  the  end  of  the  flrft  decflde  of  exhibition  in  the  Xew 
National  Muxeum,  a  report  of  prn)!reNs  Heempd  a]iproprlate.  The  general  diffi- 
culty of  preparing  InterestlufC  exhibits  of  foHslI  remains  is  increased  In  the 
National  Museum  hy  the  fHft  that  the  Interest  must  he  national  and  not  local. 
The  methods  of  obtaining  this  result  will  be  explnined  by  lantern  slides  IIId!^ 
tratlng  the  three  main  halls  of  paleontology  and  hy  samples  of  the  descriptive 
labels  employed.  P^ach  ball  Is  devoted  to  a  special  branch  of  paleontotof:^, 
namely,  the  vertebrate,  Invertebrate,  and  plant  divisions,  and  the  exhibits  in 
each  are  arranged  for  study  by  the  biologist,  geologist,  and  the  general  public. 
For  the  flrst,  there  Is  a  biological  series,  in  which  the  evolution  of  the  various 
classes  of  organisms  Is  the  eHsenllai  theme;  for  the  geologist  the  character- 
istic fossils  and  rocks  of  each  formation  are  arranged  chronologtcally  and  ne- 
companled  by  a  long  Htmclnre  section  across  the  continent:  for  the  general 
public,  Ini-ge  exhibits  Illustrating  subjects  which  include  matters  of  geological 
historj-,  in  addition  to  the  display  of  fossils  and  their  occurrence  In  the  mcks, 
are  displayed,  usually  on  bases  open  to  Inspection  by  the  visitor.  In  this 
latter  series  a  fossil  coral  reef,  n  large  block  showing  an  unconformity,  set 
beaches  of  various  geological  periods,  and  similar  subjects  are  Included. 
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An  instructive  paper  on  Paleozoic  cephalopods,  illustrated  by  diagrams 
and  read,  in  the  abseoce  of  the  author,  by  President  Loomis,  brought 
forth  a  discussion  by  Meesrs.  Foerete,  Chadwick,  and  Baesler. 

nafERVATioye  ox  the  mode  of  life  of  PRiuiTirE  cephalopodb 

BT  B.  BUEDBMAN.I 

lAbglrncti 

The  purpose  of  tbls  paper  ts  to  recorrt  some  new  observations  od  the  life 
taabttK  of  the  earlier  cephalopoda  lisHed  on  npeclmenn  ot  Orthocerai  from  the 
Trenton  limestone  and  Ciielph  dolomite  of  Xew  York,  retaliilDg  eolor  llDes  on 
one  sl<Ie.  and  otherw  from  the  L'ticH  anil  l/irralne  shales  of  New  York.  Bhowlng 
sexual  <lirrereim<H  In  xlze.  shape,  and  surface  sculpttire. 

The  Secretary  then  presente<I  for  the  author,  in  his  absence,  an  account 
of  the  wonderful  anatomical  structures  preserved  in  tlie  Middle  Cambrian 
Burgess  shale  branchiopod  Crustacea  found  near  Field,  British  Columbia. 
Illustrated  by  lant«rn  slides  aud  specimens. 

ISlTOUr  OF  UIDUI.E  CAUHItlAS   CRVSTACBA 

(Abglract) 

A  presentation  of  the  appendages  and  internal  anatom.v  of  the  three  Middle 
Cambrian  brnnchiopod  genera,  Waptia,  Xarota.  and  BurffegHa,  preliminary  to 
a  more  detailed  work  to  be  Issued  In  the  near  future  by  the  Smithsonian  Insti- 
tution. 


The  following  papers  were  read  by  title : 


{Abntrael) 

The  greater  part  of  the  paper  Is  taken  np  with  summaries  and  correlations 
of  the  available  publlnhed  Information  with  reference  to  the  twelve  known 
graptolite  locelltlea  In  weHtem  North  America. 

Three  new  graptollte  localities  are  described  for  western  North  America,  all 
In  the  Desert  ranges  of  Utah,  and  reported  on  by  Ulrlch,  whose  reports  are 
copied. 
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Addltiooal  etratlsraphlc  data  are  presented  regerdtng  two  of  the  twdie 
ktiuwn  localltleti:  Cilenogle  [Brltlnh  Columbia)  and  the  Yukon-Alanka  bound- 
ary. Regarding  the  former  (Glenogle)  this  paper  corrects  the  aix^pled  refer- 
ence of  the  (ilenogle  grnptnltteH  to  "Klckinf;  Horse  Fiibh."  It  regards  and  illv 
cusBeR  the  discovery  of  fossfls  below,  and  makes  a  correction  In  the  Btratlgraphj 
of  tbe  beds  above,  the  graplolite  shalen,  for  wtalth  It  proposes  the  (ormatlonal 
oame  Glenogle  shales.  The  beds  above  are  shown  to  be  of  Richmond  age,  the 
HrHt  recorded  instance  of  Richmond  beds  west  of  l4ike  Winnipeg  and  north  of 
tbe  Canadian  boundary.  Regarding  the  latter  (Yukon-Alaska  boundary)  tbU 
paper  lists  four  new  lomlittes  Id  the  general  1 1clnlty  of  the  one  prevlouRl; 
known  and  prexentn  new  light  on  the  stratigraphy  of  the  graptollte-bearinp 
bedH,  giving  a  section  of  the  Paleozoic  t>eds  south  of  the  TaUinduk  River  and 
dednlng  one  new  formation,  the  Tatonduk  shales.  These  collections  have  all 
been  reported  on  by  Doctor  Ruedemann,  whose  reports  are  copied.  There  Is 
also  recorded  a  slight  change  In  tbe  recorded  localities  for  Dtcranoffroptui 
nickottimi  wkitianui  (Miller). 

The  bearing  of  the  data  presented  on  such  questions  as  the  number  of 
graptoilte  horizons  in  the  West,  their  origin  and  dispersal.  Is  discussed  and 
the  conclusions  drawn  tbat  there  appear  lo  be  several  horiions,  and  that  tbe 
main  channels  of  communication  probably  opened  to  the  north. 

The  next  paper  was  read  by  title. 

:      .  \BW  KIND  OF  TYPE  SPECIMEN 

BT  E.  L,  TBOXELL 

The  next  paper,  illustrated  by  lantern  slides  and  dealing  with  several 
Upper  Cambrian  trilobites  of  Iowa,  was  presented  by  the  author  and  dis- 
cussed by  Messrs.  Weller  and  Chadwick. 

UPPER  VAilBBIAS  TRILOBITES 
BY  O.  r.  WALTEB 

(Abulraet) 

As  far  as  now  known,  only  three  trilobites  have  been  reported  from  the 
Upper  Cambrian  of  Iowa,  namely,  nikrlorrphnlut  minne»t)len»i»  Owen.  Illir- 
nurm  quatlrntus  Hall,  and  a  new  species  of  llUrnHrug.  here  designated  a< 
lllimurus  cattnni.  These  three  species  are  found  associated  in  the  Saint  Law- 
rence limestone  near  LanHing,  Allamakee  Count.v,  Iowa.  IlUnturug  qttadroln' 
Hall  occurs  somewhat  doubtfully  at  thiM  place,  while  lll<m«rui  calvini  Is  fonnd 
In  abundance  and  In  association  with  Dikrlnrephaliii  minneiotcnaiK.  As  In  the 
case  with  the  latter,  the  new  llltitivitin  Is  more  or  less  dismembered ;  a  reslnra- 
tlon  hrtngs  out  several  IntercHtlng  features.  The  first  reference  made  to  /. 
calvini  was  by  the  late  Prof.  S.  Calvin  In  the  Iowa  Geological  Survey,  volume 
IV,  page  58.  This  species  differs  notably  from  /.  quadralut  in  the  presence  of 
long  poHtero-lateral  extensions  of  the  fixed  cheeks. 

Some  notes  on  a  trtloblte  from  the  province  of  Szechuan,  west  China,  are 
also  presented. 
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A  stratigraphic  paper  giving  a  detailed  classification  and  description 
of  the  Xiagaran  rocks  of  northern  Michigan  was  then  read  by  the  author 
and  brought  forth  discuBsion  from  Messrs.  Twenhofcl,  FoerBt€,  and  M,  Y. 
Williams. 

XIAQARAS  ROCKB  OF  THE  KORTHERS-  PB\IX8VI.i  OF  UICHIOAS 
BY  O.  M.  EHI£R8' 

{Abtlt-act) 

The  N'laKaran  rooks  of  the  iinrthem  i>eiilnmila  of  Michigan,  with  the  excep- 
tion of  Ihose  exposetl  in  the  I.lmeHtonp  Mountain  outlier'  In  Houghton  Conntj, 
ire  a1  or  near  the  surface  of  a  wide  tielt  of  laud  1)orderlng  the  northern  Hhores 
nt  Ulies  Huron  and  Michigan.  Ttiese  rocks  consist  almost  entirely  of  llme- 
i^nocs  sod  dolomites,  are  remarkahle  for  their  continuity  from  Wisconsin  to 
(lotarlo.  and  have  n  raaximuia  thickness  of  nearly  1.000  feet. 

A  i^BRslflmtlon  of  these  rocks  Is  proposed  In  which  the  strata.  I>pgrinnlug  at 
tbe  baw.  are  grouped  under  the  names  Mayvlllc,  Burnt  Blur,  Manlstlque,  and 
R«''inf  formations. 

Thf  Mayville  formation  l»  a  nortlieastward  continuation  of  the  Mayvllle 
l<<^l>  ot  Wlxconsin-  The  baNC  of  the  formation  In  Michigan  has  not  heen  seen  ; 
ihe  irip  Is  proiialonallj'  placed  at  the  top  of  a  ycllowinh  gray  dolomite  contaln- 
Idh  Dumeruus  remains  of  the  hrnchlopod  named  Virgiana  mavvilletmit  by 
^vaiK,  This  horizon  extends  eastward  an  far  an  Manltoulln  and  Fttzwllllam 
iiliTid*,  Ontario.  In  which  regions  It  is  included  In  the  upper  part  of  the 
<'atara:l  formation  by  M.  Y.  Williams.  It  Is  thought  that  this  horizon  Is 
.vrnmctr  than  Cataract,  and  that  the  entire  Mayvlllc  formation  is  of  Nlagaran 
'W  Inntead  of  Alexandrian,  as  stated  by  Savage,  The  Virgiana  majivillengig 
'lulinntte  of  the  Mayville  prohahly  represents  the  same  stratigraplilc  horizon 
i< Ihp  Virgiana  ICoTtrhidUim)  divunnnta  lieds  of  Limestone  Mountain.  Michl- 
pin.  n[  the  Hudson  Ray  region,  and  of  the  Stonewall  limestone  of  Mnnltoha. 

The  overlying  Burnt  Bluff  formation  seems  to  !»  llmlteil  alwve  hy  a  dlscon- 
'"inil.v.  and  with  little  douht  Is  a  northeastward  e.ttension  of  the  Byron. 
Tramliion.  and  lower  part  of  the  I^ower  Coral  Beds  of  Wisconsin.  Certain 
'*ls  of  the  formation — that  is.  the  Plhorn  limestone  and  upper  part  of  the 
Hfodrioks  series  of  R.  A.  Smith's  tentative  clnwiiflcation — are  regarded  by 
•Sin^  and  Crooks  as  lieing  of  Alexandrian  age.  The  Burnt  Bluff  formation. 
•hlfh  Includes  these  ImhIs,  is  thought  by  the  writer  lo  he  of  Nlagaran  age. 
Tie  fonnution  without  doulit  Is  ennivalent  to  the  Severn  River  limestone  of 
(be  Rudsuii  Ray  region  and  the  Walii  formation  of  tlie  I.nke  Timlskaming 
I   mrtnn. 

The  Manlstlque  formation  is  a  northeastward  extension  of  the  tipper  Coral 
Beds  and  the  upper  p^t  of  the  I>iwer  ,Cj)ral  Be(In  of  Wisconsin.  The  well 
known  coral  horizon  of  this  formation,  which  also  occurs  in  the  Upper  Coral 
BeilK  of  AVIaconsin,  Is  represented  hy  the  Foasi]  Hill  coral  horiz<in  of  the  Tjock- 
port  formation  of  Hanitonlln  Island  and  hy  a  similar  horizon  in  the  [<ockport 
of  the  I-ake  TlmlSkamlng  region. 
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The  Radnp  formetlon  of  Mk'hlKftn  tR  an  cxtPDHlon  of  the  formation  in  WIk- 
constn  which  Jsmex  Hnll  dei>lc»at4><l  an  the  Racine  limestone.  The  formations 
in  Ontnrto,  whloh  are  thoutchi  to  l>e  Included  In  the  Rai-lne,  are  the  Cuelph 
and  the  thick-lieddert,  while  to  very  lighl  ftray  dolomite  at  the  top  of  the  I>oci;- 
port  of  Corliburn  and  Manitonlln  Islandn. 

Following  Mr.  Ehler'K  paper  was  an  account  hv  Dr.  Rov  L.  Moodie  of 
his  recent  researches  in  paleopathology.  This  paper,  which  was  illus- 
trated by  lantern  elides,  was  supplemented  by  a  demonstration  later  of 
specimens  and  microscopic  preparations  in  an  adjoining  laboratory  to 

those  interested. 

HTATfH  Of  f)("«   KVOHLtDOE  OF  MEBOZOIC  PATHOLOGY 

BY  Rnr  I.  Hoonie 

iMixfrai-t) 

ThlR  paper  dlxcusHes  the  degree  of  progress  dlseape  made  dnrlng  th#  Mem> 
zoic.  Fifteen  pnlhologlcal  results,  clawslHed  under  the  followInK  five  headinKs. 
will  be  described:  1.  Arthritldes;  2.  Tumors;  3.  Necroses;  4,  H.vperoKtoses ; 
5,  Frail ures. 

An  account  of  the  small  fossils  ohtained  by  washing  the  Devonian 
shales  of  Iowa  followed,  and  was  presented  by  the  author,  with  illustra- 
tions by  lantern  slides. 

SUAU.  FOBSILS  FROM   THE  tfJfB  CREEK  SHALES 


At  the  last  meeting  of  the  rtili'cintologlcal  Siiclct.v  the  writer  reported  the 
tliiiliiic  i)f  dlssocliited  iil;ilcs,  splurs,  niiil  pjirts  of  the  lantern  of  three  Devo- 
jilan  spa-urchins  from  the  l.lmc  Creek  shales  of  Iowa.  Since  then  quantities 
of  the  marly  .■ihale.'s  In  which  these  occur  linve  liceii  screened  and  then  washed 
Ihrinich  a  series  iif  fliic-mpshed  sieves  with  tlie  imi'pose  of  trylnit  to  find  am- 
luilncral  plates  and  other  small  parts  of  the  dlssiH'liitiHl  tests.  In  this  manner 
many  of  the  small  parts  of  the  cchhiolds  were  st'cnretl  mid.  In  addition,  nime 
iisirai-iHl  vhIvcs  and  n  few  fornmiiiiferH.  This  led  to  more  screening  niid  wash- 
Ing  from  several  huriwins  with  cxcelleiil  results.  Holtlni;  cloth  was  used  to 
I'liti'h  some  of  the  very  fini'st  material.  The  small  f.irms  were  then  sorted  ont 
of  the  drletl  scn-enings  uiiiler  a  Zeiss  hlimculnr. 

In  the  courser  siftlngs  exnuilnii]  <H-cur  ii  few  of  fhe  larger  forms  mentioned 
lieliiw:  also  si>nie  juvenile  lirnchlo|«Mls.  fragmenls  of  shells  and  hryognm.  bits 
of  ciirnl.  pii'ci's  of  spines,  and  pliites  of  sea-nrdilns,  jind  various  other  broken 
organic  remains. 

The  finer  siftlncs.  linwcvcr,  yiclif  ilic  l>csi  ri-sulis.  Al  several  horizons  the 
.iHunionest  fossils  arc  the  splnilly  lUiirknl.  s|.her..iil.il  Iwilics  of  doubtful  affini- 
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tlw,  known  as  Calcitpharo  rolumta  WlHlamnon.  They  octmif  by  tbe  score,  and 
lumpii  of  the  nhale  may  be  found  In  whit^h  [argp  Dumhers  of  them  are  massed 
together.    A  few  have  been  Isolated  on  which  the  spiral  lines  are  douDle. 

Amnnf;  (he  foraminlfera  a  rotalli!<>  form  Ih  fairly  rommon.  It  ReemR  to  be- 
Intiit  to  a  new  genus.  Lagena  and  fiKvamina  are  rare;  tbe  latter  ptves  evl- 
(iMifp  of  occurring  In  chalnx.  as  tlluntrated  by  Brady  and  others.  A  Olobig- 
Tian-llke  Kpectes  Is  found  sparingly  at  one  or  two  horizons.  Minute  tetraetl- 
iH^llId  spicules  represent  tbe  sponRes. 

Cnnodont  teetb  referable  In  the  Kenus  PnltKjnalhHs  occur.  These  mlcro- 
sfHipIc  translucent  worm  remains  are  beautifully  pre.served  and  are  among  the 
smallest  forms  recovered.  Smalt,  slender,  iinnulated  shells  of  TfntaruHte$  are 
i»mmon  In  nearly  every  pan  of  the  marl.  Their  esqulstte  hyaline  tips  are  pre- 
served in  many  cases.  Home  of  these  are  dnnhtless  the  young  of  a  new  spectee 
of  Tmlaculilrn  from  the  same  beds  and  which  reach  a  length  of  five  mllli- 

The  screenings  are  rich  also  In  shells  of  tiny  ostracmls.  Some  of  tbe  genera 
are  nhandant  and  are  represented  by  more  than  one  specleH;.a  few,  notably 
Hnlnmiti.  ure  very  rare.  The  commonest  genera  are  Bniidia,  Kirkbtilna, 
HvihoriipiiA.  Ciipridinti,  and  BmrU-hiii.  while  there  are  several  forma  which 
have  no)  been  generlcally  determined. 

The  meeting  then  adjourned  for  luncheon. 

PRESIDENTIAL  ADDRKSB 

.\t  2  p.  m.  the  Society  met  to  hear  the  address  of  the  retiring  Presi- 
lient  of  the  Paleontological  Society,  entitled 


OKIOrX  OF  THE  SO'.'TH  AlfBI^IV.^^  fAVXAB 
PRESIDED Tt A r,    AUORESS   BY    F.    B.    L00MI8 

Following  (his  address,  the  reading  of  the  pa|)erH  prepared  for  1% 
symposium  and  arranged  for-tlie  meeting  naii  taken  up. 

.■iVMPOSrUM    ON    CRITBRIA    AND    METHODS    EMPLOYED    IN    PALEONTOLOOIC 

BGBEARCH 
VKITBIHA    FDR   T 


'SITERIA   FOR  ItETEftiII.\AriO\  OF  CLIMATE  BV    UEAXli  OF  FOUSIL  PLA\T8 
BY    r.    M.    KNOWLTON 


VRITERIA   FOR  SPECIES.  PHTr.OIKXlES.  AXII  FM'XAH  OF  TKll.OBITES 
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AQE  DETERMiyATION  OF  FAVXAS 
BY  E.  O.  UUICH 
ItBTHODB  OF  CRBATIXa  POPILAR  tSTEREeT  IS  BXBIBIT8  OF  FOSSILS 

BY  E.  8.  Biaea 

Upon  the  completion  of  the  cympoeiuni,  the  reading  of  papers  od  the 
regular  program  was  repumed. 

PHf^BEKTATION    OF   PAPERS 

In  the  absence  of  the  author,  the  following  was  read  by  the  Secretary: 

DECREASINO  SALISITY  OF  THE  PLBIBTOCEHB  CHAMPLAI.f  SEA  OOISG 
SOUTHWARD,  AB  BHOWN  HY  THE  CHARACTER  OF  THE  FAUSA,  WIIM 
A  BRIEF  DleCVSaiOX  OF  THE  PLBIBTOCESE  FAVSA  OF  TBB  HUDBOS 
VALLEY  .i.VD  ITB  BIOSIFICANCE' 

BY  WtKtFBED  OOI.DBIKU 
(Abttract) 

Retvnt  roUefting  In  the  Pleistocene  deposits  of  the  Cbamjilaln  sud  f^aiut 
Lawrence  valleys  has  called  attention  to  the  fact  that  going  southward  (hert 
ta  a  marked  change  tn  the  fauna,  similar  to  that  seen  In  the  Baltic  Sea  today. 
Careful  study  of  this  fanna  and  comparison  with  the  conditions  found  In  tlie 
Baltic  and  elsewhere  has  led  to  the  conclusion  that  the  character  of  thi' 
Champlaln  fauna  is  due  In  large  part  at  leant  to  decreoidng  salinity  southward 
in  the  waters  of  that  time. 

The  Baltic  tSea  shows  a  very  striking  decrcnse  In  salinity  eastward  and.  In 
a  lurRe  wiiy,  the  reHponKcs  of  the  fauna  to  It.  As  the  xallnlty  of  the  walpr 
apcrea«es  from  that  normal  for  «ea-water,  the  fauna  chunRes  fri)m  one  t.v|ii<^ 
ally  marine  to  one  In  which  only  «  few  marine  groups  are  representcl  «"'' 
Buaily  to  a  fresh-water  fauna.  Another  strlblng  change  has  heen  noted  in  tlie 
ctiaracter  of  the  Baltic  fauna  which  may  likewise  be  correlated  with  the  rariH' 
tlon  In  salinity :  As  the  stenohallne  forms  disappear  entirely,  euryhailue  tonns 
become  dwarfed.  Modifications  due  to  chnngeH  in  the  salt  content  of  waler 
are  not  confined  to  Invertebrates  alone.  The  dwHrflng  of  fishes  in  the  Baltic 
has  been  noted  above ;  also  the  flsbes  of  the  Black  Sea  In  their  pnuclly  i>t 
s|ieclflc  forma  (compavcil  wttli  those  of  the  Mediterranean)  and  mar^-elously 
great  number  of  individualK  are  vei'.v  Indicative  of  the  estuarlne  character  of 
Its  waters. 

A  careful  list,  wltli  locailtlew,  has  Iwpn  iiimplied  of  the  I'leistocene  Inverie- 
brate  species  collected  by  the  writer  and  also  all  those  reported  by  others  iii 
various  publications,  and  these  have  heen  tabulated  to  show  the  dlstrlbutimi 
of  the  species  from  the  sea  (I^hrndor)  to  the  southernmost  locality  (two  miles 

'This  imper  nltt  iij>|ieBi'  Id  tut:  [d  u  Ni'w  Vurh  i^tatr  MuBeum  BuhetlD. 
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»iulb  of  Crown  I'olnt  Mtiitloii)  Irom  whlcb  they  have  been  collected  In  the 
(liamplaln  area. 

I'umiutrlBotiH  hare  lieen  made  of  apeclmen)*  of  the  PlelHtocene  species  of  the 
CUamiilaln  areu  with  thoHe  of  i'anaUa  and  with  recent  representatives,  and  It 
liHM  iH^n  found  that  the  ('humplaln  fauna  Is  a  dwarf  fauna. 

Tlif  Pletntfk-ene  fauna  of  the  Hudmun  Valley  Is  briefly  considered.  No  fossils 
lime  been  reiKirted  from  these  PlelMtu«-ene  de|)0»lts  siuutli  of  Croton  Point, 
fillier  from  the  New  York  or  New  Jersey  shores.  The  most  northern  point  at 
which  Plelstoc-ene  fossils  have  been  reiwrted  from  the  Hudson  Valley  Is  at 
aivna  King.  5(1  miles  almve  New  Yorit,  where  was  found.  In  drilling  a  series 
of  holes  across  the  Hudson  bed,  a  fauna  represented  by  two  species  living  at 
[irmeut  along  the  New  England  and  New  Jersey  coasts,  M«linia  lateralig  and 
TiivUt  Irivillata.  Tills  has  been  shown  by  Shlmer  to  be  a  dwarf  fauna.  At 
('roton  Point,  atwut  20  miles  farther  south,  ciceura  a  large  Pleistocene  oyster 
bell  in  which  are  found  the  following  marine  forms:  ifj/a  arenaria,  Mudiola 
dpmiKtMii,  MuHnia  lateralis,  and  Alfi'lritm  i^Nagaa)  otmol^ta.  The  largest 
siiei'imen  of  .1/u(inHi  laUi-aH»  here  la  larger  than  the  large  specimens  from 
SIcirm  King,  but  smaller  than  the  recent  shore  forma,  as  one  might  expect  In 
waters  of  decreasing  salinity.  Salt-water  organlHms  at  present  pass  up  the 
Hudson  only  to  the  Highlands,  though  Its  waters  are  brackish  as  far  north  as 
I'ungbkeepaie. 

t^e  data  for  the  Hudson  '\'alley  I'lelstocene  fauna  are  meager,  but  the  evl- 
ilence  obtained,  however,  seems  to  lead  to  conclusions  similar  to  those  arrived 
at  for  the  Champlaln  area.  The  waterw  of  the  Pleistocene  Hudson  estuary 
were  wo  freshened  going  northward  that  (1)  only  a  few  marine  forms  were 
able  to  advance  into  tlicHC  waters  at  all ;  (2)  so  far  as  present  Igiowledge  goes, 
unly  two  species  reached  us  far  up  as  Storm  King,  50  miles  above  New  York, 
NUil  none  have  been  reiKirted  north  of  this  locality;  (3)  the  two  species  found 
it(  Sturm  King  represent  a  dwarf  fauna,  one  of  them,  MuUnta  tateraU»,  occur- 
ring In  a  dwarfed  condition  (less  so,  however)  at  Croton  Point,  about  20  miles 
farther  south. 

It  In  recognized  that  clay  deposited  In  fresh  water  shows  a  laminated  ebar- 
ai-ter  not  found  In  similar  deposits  in  very  brackish  or  salt  water.  The  lami- 
ualed  character  of  the  Hudson  Valley  clays,  seen  as  far  south  as  Haverstraw, 
.ind  the  at>i»ence  of  this  peculiar  laminated  character  In  any  of  the  localities 
hi  ibe  Champlaln  area  where  marine  fossils  were  found  verlfles  what  has  al- 
ready been  indicated  by  the  distribution  und  character  of  the  faunas  of  these 
areas:  {1)  thai  the  Pleistocene  waters  of  the  Hudson  Valley  were  fresh  or 
^radically  fresh  north  of  Storm  King:  (2)  that  the  Champlaln  Sea  extended 
suuibward  In  a  brackish  condition,  gradually  fresliened  to  a  point  a  few  miles 
»>utb  of  Crown  Point  station,  and  that  south  of  this  area  its  waters  were 
fresh  or  practically  fresh. 

At  O.30  the  SoL-iety  adjourned  until  the  following  day. 

Wednesday  evening  at  7  o'clock  the  members  attended  the  annual  din- 
ner of  the  Geological  Society  of  America  and  affiliated  societies,  at  the 
Chicago  Beach  Hotel. 
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Session  of  Thursbay,  December  30 

Tiiurstlay  nioniiiig  at  ft,30  the  Society  met  in  general  seesion,  with 
['resident  Loomiit  presiding. 

itEPORT   OF  THE   AL'DITINfl   COMMITTEE 

The  report  of  the  Auditing  Committee  was  announced,  attesting  to  the 
correctness  of  the  Treasurer's  accounts;  whereupon  it  was  voted  by  the 
Society  that  the  report  be  accepted. 

PRESENTATION    OF    PAPERS 

The  first  pai»er  on  the  program  was  an  account  of  some  interesting 
plant  remains,  illustrated  hy  lantern  »lides  and  presented  by  the  author. 

CYCADUKU  LEAVES  FROM   TUB  PESHIAS   OF   TEXAS 


(Abntracl) 

Among  a  nnmber  of  foMsil  iiUnts  collected  in  1920  In  Baylor  County,  Texas, 
by  Mr.  Paul  Miller,  Asttlstaut  i'urator  of  Walker  Mwieum,  Vnlverslty  of  Chi- 
cano,  are  a  number  of  cycailllke  leaves.  The  purpose  of  this  paper  la  to  de- 
scribe and  Illustrate  theae  leaves,  wlileb  had  been  fouud  In  a  bed  ot  Permlau 
sbale.  and  to  cnuipuie  them  with  similar  leaves  wblcb  Prof.  C.  R.  WIeland  has 
described  from  tbe  l.las  of  Mexico  mill  wttb  other  early  cyoadeold  impresr;luu& 
Tbeir  main  intcre.it  lies  In  the  fact  that  they  are  among  the  earliest  known 
representatives  of  Cycadophytes.  Since  no  seeds  were  discovered  iu  connec- 
tion with  these  leaves.  It  Is  im]>ossit)le  to  determine  whether  they  belong  to 
tiuc  Cycuds.  or  Wllllumsdiilas,  or  Cycadofllicales,  l>ut  the  fronds  strongly  re- 
seinlile  those  of  true  Cyads. 

The  three  fallowing  papers  on  paleubotany  were  then  read  by  title : 

OEMS  SEIJIIHA    IS   THE   HESOZOIC 


The  author  biis  hml  (he  niiiiortuiiity  ot  exiiniliilnfi  for  the  first  time  lai^ 

(| ilitles  of  twiK^.  with  striu-tniv  iirc^Tvcd.  iH-louiriui.'  to  the  genus  HrQuoia 

us  renii:iil/.i'd  In  Ihc  Aim-rUiiii  Crcljicc.ms.     It  Is  lOiMir.  from  the  evidence  here 

turiiishifl,  tliHl  Ih.'  -irwiiiizHti f  these  Iwlcs  h.is  linl,.  tti  common  with  that 

of  iw  Uvlii);  Wciiimliis  and  ihelr  :illli>s.  Thi'v  Iti  fjic't  me  the  branches  of 
AniiK-iirlaii  cmilfcrs  -  n  |Mis>;ibiliIy  Unit;  iii:"  siinc-sted  hy  Sjiporta  on  the  basis 
of  tbeir  extiTdHl  hulilt.  A  reifiit  sii^KcstiuM  thai  these  twigs  are  wrongly 
identltied   has  heeii   wllhilrinvii   hy   its   iiulhur.   wbn   iii.iv   maintains   that   the 
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:iitatuiulfal  evldenre  does  not  prove  their  AraucariaD  alDnitles.  Work  carried 
■  >ui  under  the  author's  Hupervlsloii  tDHken  It  clear  that  true  reuialiui  of  the 
ijEeiiuK  Scqimia  do  not  make  their  appearance  till  the  upper  members  of  the 
l.iirutuie  serlex  ar«  reached.  It  will  be  necessary  In  the  future  to  dlstlnguUh 
iH-twtH^ii  the  tmt  SequoiuK  of  the  later  l.arainie  uud  of  the  Tertiary  and  those 
Araucariaii  forms  mastiueradiug  as  Kequolus  tn  the  earlier  Cretaceous  and  the 
JurtiN4io. 

OEXIH  ARAICAKIOXVLOS-  IX   THE  .iilUniCAX   CRKTACBOVS 


{AbitracI) 

The  author  and  his  xludeulM  hove  oollerted  Diaterlal  of  .li'uucortofi/Ion  from 
numerous  localities  and  geoloKlcal  horizons  of  the  North  Auerii.'Hii  Cretaceous, 
whlfh  suiqily  reasons  fur  modltii'utions  In  our  views  as  to  the  origin  of  the 
t;eiius.  II  In  generally  aKsuiued  that  the  genus  Ai-aufonoxyhin  definitely  coi\- 
lun-tr*  the  Araucarian  conifers  of  the  present  epoch  with  ttie  Cor<Ilatale«  of  the 
I'ltlLfZulf.  The  structure  of  woods  In  the  Amerlmn  Cretaceous  lends  Utile 
sup|K>rt  to  that  opinion,  since  they  are  less  like  the  wood  of  Curdailes  than 
art?  the  woods  of  Araui-arvi  and  AguthU.  The  woods  of  the  Araucarloxylon 
type  in  uur  deposits  have  the  on^anlzation  of  Cupresslnosyla  and  the  earlier 
auiiual  rings  of  stems  lack  the  Aruucarluxylon-plttlug.  It  Is  assumed  from 
tliese  data  that  the  living  Araucaiian  conifers  are  not  closely  related  to  the 
Curdultaleu.  but  nither  to  a  complex  from  which  the  Ahletlnea^  or  Pine  family 
ban  taken  origin.  The  roots  of  the  living  genera  of  the  .\raucarlneie  are  or- 
ganised largely  as  Is  the  stem  of  their  Cretaceou.'j  ancestors. 

CVPSBaBISOXYLA   OF  THE   XEaOZOW 
BY  E.  C.  JEFFBEY 

(Abnti-act) 

Tlie  genus  Cuiircg»inoxnlon,  established  many  years  ago.  Is  of  wide  oocur- 
rviit-e  in  the  Jurassic  and  Cretaceous.  It  Is  generally  assumed  that  woods  of 
this  type  are  to  lie  referred  lo  the  Cupresslneie,  Taxodlneii",  or  I'odocarptnee. 
The  Intention  of  the  present  communication  Is  to  show  that  many  such  woods 
are  of  Araucerlan  affinities.  In  n  number  of  lusliuices  Araucarlan  pitting  can 
be  observed  in  such  woods,  while  In  otliers  more  refined  I'rlterla  of  Araucariau 
atOnitleM  have  to  be  employed.  Kviden<-e  is  supplied  on  the  one  hand  of  the 
fharacter  of  the  ancestors  of  these  .Vraucarian  ('u|iressinoxyla  and  proof  is 
fDrulxhed  on  the  other  of  their  lieInK  the  ancestral  types  from  which  the  living 
Araucarllneip  have  been  derived.  The  genus  I'utiiciiitiniixtiUm  Is  formed  as  a 
r«94>onae  to  marked  seasonal  variations  of  lemperaiure  and  evidence  Is  fur- 
ulabed  for  this  conclusion. 

An  iuatruftive  presentation,  illustrated  by  lantern  slides  and  speci- 
meDS,  of  a  new  reptilian  suborder  followed : 
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(Atmtract) 

DesmatoBUfhua  retii'e.sciitH  u  new  sulwnler  of  i)hj'toRBurot(l  reptiles.  Ttap 
Mbull  iH  ebarac'tprlzed  hy  the  iiresfiii.*  of  h  alii^^le  teiuiwirHl  oi>eiiliig,  the  lact 
of  a  parietal  foramen,  a  lurife  autorbital  opeiilug,  lateral  iinreK,  and  a  mwXi 
reduced  quailrate.'  The  vertt^bral  column  Is  estteiitlally  phytoaauiian  in  cb»r- 
acter;  very  tittle  of  the  ilnili  tMiies  or  girdles  was  found.  The  bnck  was  cov- 
ered by  an  armor,  conMlxtlnt;  of  four  rowa  of  plates,  which  extended  from  the 
MbuU  to  the  extremity  of  the  tall.  The  outer  row  of  platea  carried  tdi*r|i 
Mplnes,  wblch  were  larger  In  the  cervlt.'al  region.  The  flfth  pair  of  outer  |ilatt-< 
carried  enormiiuHly  developed  spines,  nearly  eighteen  inches  In  length,  vrbleh 
cnrved  outward  and  forward. 

The  condition  of  the  skull  permitted  a  plastic  cast  to  be  made  of  the  Piidi>- 
oranlal  region.  This  shows  tlie  brain  to  have  been  relatively  .very  smnll  poni' 
Itared  to  the  alze  of  the  animal.  There  was  hai'dly  any  expansion  of  tbe  wrf- 
bral  lobes;  the  hypophysis  Is  very  large,  and  there  Is  a  smaller  epiphysis  or 
paraphysis  with  lateral  processes.  T)ie  posltlun  and  size  of  the  optic  region 
aud  the  location  of  the  various  i-ranlal  nerves  are  clearly  shown  on  the  ra»t 


In  tlie  absence  of  Hieit  authors,  four  papers  dealing  ' 
brutes  were  then  read  hy  title: 


i-ith  f 


!  vertt- 


J1.VTI0S,  PHVLOOESY,  AM)  CI.ABBIPICATIOX  OP  THE  FROBOBCIDEX 

ar   HBNRY    FAISFIEI-D  OBBOBN 

CLAB8IFICATI0S  OF  THE  REPTILEB 

BY  W.  K,  OBEUOHT 

JUHABBIC  FISHES  COLLECTED  BV  BARXl'il  BROW.V  IS  CUBA 


gELATIOSSHIP  OP   THE  OHEAT  i 


.V/>  QICBAT  PLAI^ 


An  outline  of  paleobotanic  work  in  progress  on  the  Tertiary  rocks  of 
the  West  was  preseiiled  by  the  author  under  the  title 
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FRBLIUDlARr  XOTBS  OX  RECENT  TERTIARY  COLLBCTtUSB  IS  TUB  WEBT 
BY  RAIfH   W,  CIIA.NEY 

(Ab»lract) 

Collections  of  fossil  pliints  w^re  made  during  (tip  iwst  numnier  under  tbe 
suitylc-w  of  the  fiiivvrMlty  <it  California.  In  the  Jiilin  I>a,v  Basin  material  was 
swured  froDi  three  horiionH,  Iti  which  »H>me  new  »pe<-les  are  represented;  sev- 
?ral  new  localities  were  dls(x>vereil,  lueludlng  one  at  the  type  lut^ellty  of  the 
Mti»caH  formation,  where  the  fluru  resembles  that  prevlouHly  secured  from  the 
Unwull,  bnt  contains  a  number  of  forms  which  Indicate  a  Hwamp  habitat.  A 
euUeetlon  from  The  Dalles  group  Is  of  particular  interest,  since  few  fossils 
hare  been  previously  secured  from  this  formation.  The  modern  aspect  of  the 
leaves  of  this  flora  HUggests  Its  Pliocene  or  Pleistocene  age.  In  the  Blerras  the 
.VurlferuuM  Gravels  were  visited,  and  limited  collections  made;  these  will  be 
suM)leaiented  by  collections  during  the  comlug  fleld  season,  which  will,  it  is 
hii|K^,  establish  the  age  or  ages  of  the  various  gravel  deiKwlLs. 

Tlie  final  paper  on  the  program  was  given  by  President  Loomis,  who 
|)rwented  a  discussion  of  Uie  r»wer  Harrison  Oreodonts,  and  especially 
ilie  criteria  for  the  deterniinatiun  of  species  and  genera,  under  the  title 

LOWER  H.lRRIBOy  OREOD0\T8 
BY  F.  B.  JAOHIS 

At  11,30  a.  m.  the  Society  adjourned. 

Under  tlie  leadership  of  E.  S.  Kiggs,  the  members  then  had  the  pleaii- 
ure  of  a  visit  to  the  Field  Museum,  where  several  hours  were  spent  in 
liewing  the  new  building  and  in  studying  the  exhibition  collections  and 
their  installation. 
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WiELiKD.  O.  R.,  Tale  University,  New  Haven,  Conn. 

WiLUAUB,  MCRTON  Y.,  Geological  Survey  of  Canada,  Ottawa,  Canada. 

Waaon,  AucB  E.,  Victoria  Memorial  Museum,  Ottawa,  Canada. 

WiijwN.  HEKHtcK  E„  224  West  ri)lle(ip  Street,  Oberllii.  Oblo. 

WooDRino,  Wehdell  P.,  U.  S.  Geological  Survey.  Washington,  D.  C. 

CORRBBPONDBNT  DBCBA8BD 

KoKEK,  E.,  died  November  24,  1912. 

UEUBERS  DECEASED 

Barrell,  Joseph,  died  May  4,  1918. 
BiLUNoH.  Walter  R.,  died  March  1,  1920. 
CALvm.  Samuel,  died  April  17,  1911. 
Clark,  Williau  B.,  died  July  27, 1917. 
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Derby,  Obville  A.,  died  NoTcmber  27, 191S. 
Eastman, 'Charles  R.,  died  September  27, 191S. 
FoKTAiRE,  WiixiAM  M.,  died  April  30, 1913. 
Gill,  Theodore  N.,  died  September  25,  1914. 
GoKDON,  RoREST  H.,  died  May  10, 1910. 
Hamlin.  Homer,  died  In  Jul.v,  1020. 
Harper,  George  W.,  died  August  19,  1918. 
flAWVER,  J.  C,  died  May  15,  1914. 
Lambb.  EjAwrence  M.,  died  Marcb  12.  1910. 
Lton.  \'ictor  W.,  died  August  17,  1919. 
Mnnnv.  W.  I...  died  Octnlier  !).  11>2CI. 
Probser,  C.  S..  died  September  11.  I01& 
Seext,  Henry  M..  died  May  4.  1917. 
Warino,  Clarence  A.,  died  November  4,  19]& 
WtLUAUS,  HEHBr  S.,  died  July  31.  1918. 
VViLUSTON,  Samuel  W..  died  August  30,  191& 

MEMBEHSELECT 

Click,  I>ebrv  A.,  501!  Ea^t  Springfield  Street.  Champaign,  HI. 

Henry,  Ijxjnard  Wilbhier,  Morton  Street.  PorterBvllIe,  Calif. 

HiRBARD,  Raymond  R..  4!>0  Carlton  Street,  Buffalo,  New  Tork. 

Howe.  Hbnby  V.,  1514  Alder  Street,  EUKene.  Oregon. 

Kemper,  Dorothy  B.,  2527  Benvenue  Street.  Berkeley.  Calif, 

Matthew.  George  Fbederick.  US  Carmarthen  Street,  St.  John,  X.  B. 

Miller,  Pavl  C.,  Walker  Museum,  University  of  Chicago,  Chicag<),  III. 

MoflEH.  Florence  P^mua,  54:24  Claremont  Avenue.  Oakland,  Calif. 

Nelson.  Norman  E.,  116  Rant  8th  Street.  Fort  Worth,  Texas. 

Nelson,  RiriiARTi  N..  22^7  Durant  Avenue.  Berkele.v,  Calif. 

Nof:.  AnoLE  Carl,  University  of  Chicago.  Chlcag)).  111. 

RiniARDR.  KsTiiER  K.,  Rio  Bravo  Oil   Company.   Soutlitrn  Paclllc   Building. 

IIonKtoii.  Texas. 
KrssKi.i,  KniiAW.  .FoKi..  2412  Plwiinont  Avotinc,  Berkeley.  Ciillt. 
Si/icoM.  Ahthiu  Wake.  Walker  .Mn^'uiii.  University  of  Chlciigo,  ChicHgo.  III. 
Strickla.m".  P'rank  I'etkh.  .In.,  1140  niiklniiil  SIrr<-t.  Kansas  City,  Mo. 
Trakk.  I'ARKtm  liAvrKs,  ].-f(i2  AlUv  Sin'Ot,  Oakland,  ("allf. 
Waiter.  Orro  K.  421  Reyiuilds  Streel.  Town  City.  Town. 
WiNTON.  AV.  M..  Texas  Christian  University.  Ki.rt  Worth.  Texas. 
WoouKORD.  Ai.tRKi.  CiswALu,  Poiiioim  ColU'gf,  Clareniotit,  Calif. 
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XllXUTES  OP  THE  TENTH   AnKDAL  MEETING  OF  THE  PACIFIC   QOAST 
SECtlOK  OP  THE   PaleONTOLOOICAL   SOCIETY 

By  Chebter  Stock,  Secretary 

The  tenth  annual  meeting  of  the  Pacific  Coast  Section  of  the  Paleon- 
tolopioai  Society  waf  held  in  conjunction  with  the  Cordilleran  Section, 
(Jeolo^ical  Society  of  Ameriea,  at  Seattle,  WaBhinjrton,  June  18,  1920. 
The  societies  participated  in  the  fourth  annual  meeting  of  the  Pacific 
Division,  American  Association  for  the  Advancement  of  Science. 

The  meeting  was  called  to  order  by  Dr.  B.  L.  Packard  in  the  Science 
Hall  of  the  University  of  Washington. 

Ap  an  item  of  buaineos,  it  was  moved  and  carried  that  the  new  officers 
of  the  Paleontological  Society  should  he  voted  on  by  mail  at  a  later  date 
determined  by  the  Secretary. 

BEADIh'a   OF  paleontological  PAPERS 

The  following  paleontological  and  geological  papers  were  then  read : 


(.4(i*trnc() 

The  Briones  was  rormerly  regarded  as  a  part  of  tlie  MoDterej-  series  (I.ower 
and  Middle  Mlow'ne),  but  the  results  of  recent  work  have  Indlcnted  that  It  is 
prohnMy  the  lowest  part  of  San  PaWo  series  {llpppr  Mloopne).  The  Briones 
deiKKiltH  are  found  In  an  area  of  some  50  miles  radius  In  the  vicinity  of  San 
FranrUcD.  Its  sediments  are  chiefly  sanilstones.  with  some  shales  loterealated 
)q  the  upper  part  of  the  formation.  The  thickness  of  the  Briones  varies  from 
500  tn  2.300  feet 

There  is  no  apparent  difference  In  dip  and  strike  between  the  Brloues  and 
the  formations  above  and  below,  but  there  ta  usually  a  marked  lltbolf^c 
•'ban^.  and  Irregular  contacts  with  Pbolns  borings  have  been  found  between 
It  and  the  over  and  under  lying  formations. 

A  study  of  the  faunnl  evidence  indicates  a  closer  relation  to  the  Sen  Pablo 
than  to  the  Montere.v.  Out  of  70  determinable  species  found  in  the  Briones, 
11.  or  15  per  cent,  estend  into  the  Monterey,  but  only  one  of  these  11  species 
if.  pe<^llar  to  these  two  formations,  while  39  species,  or  56  per  cent,  occur  in 
the  San  Pablo,  of  which  19  species  are  peculiar  to  the  Briones  and  the  San 
I'ablo.  A  large  numtier  of  these  IS  species  are  highly  ornamented  gastropods. 
Thl:4  indicates  that  the  Briones  is  probably  a  part  of  the  San  Pablo  series. 
However,  considering  that  there  are  29  species,  or  41  per  cent,  found  only  In 
the  Briones,  and  only  6  species  peculiar  to  the  Briones  and  the  Lower  San 
Pablo  group,  and  because  of  the  stratlgraphic  evidence  mentioned  above,  the 

X_Bt'l.U  OeoL.  BoC.  Ah.,  Vou  32,  1620 
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Indication  f^tbat  the  Brlonen  In  a  separate  minor  cycle  of  depoidtlon.  This 
would  make  the  San  Pablo  series  consist  of  three  minor  cycles  of  deposition— 
Briones,  "Lower  San  Pablo."  and  "Upper  San  Pablo." 

PHYBIVAL  AND   ECOXOilW  GBOORAPIIY  OF  OREOOH 
BY  WABKEN   DU  PBE  BUITH 

(Abttracl) 

The  paper,  which  Is  not  yet  completed,  though  practically  all  the  chapters 
are  In  flrst  draft,  Is  the  result  of  several  years'  work  in  ftregon  on  the  part  of 
the  author  and  embraces  as  complete  a  survey  of  the  eilRtlng  literature  as 
can  be  found  dealing  with  the  subject.  The  table  of  contents  appended  will 
give  an  idea  of  the  subject-matter.  A  great  deal  of  the  data  In  thla  paper  hus 
never  yet  appeared  In  print  and  some  of  the  material  drawn  on  from  the 
literature  has  received  new  Interpretatiuu. 

Among  the  chief  points  pmi)hHslzed  in  this  research  is  the  influence  of 
physiographic  and  climatic  (particularly  those  of  light  and  winds)  features 
in  Oregon :  the  part  played  by  KPographic  location  In  Oregon's  history  and 
development.  Rtlll  another  theme  is  the  matter  of  relationship  of  political 
and  physical  botmdarleH.  The  land  problem  in  Oregon  Ik  taken  up  under  sucli 
heads  as  the  resene  lands,  the  logKed-()ff  lands,  the  arid  Isuds.  the  undralned 
lands.  There  Is  a  cliapter  on  the  geographic  location  of  cities  and  some  at- 
tempt is  made  to  prognosticate,  from  a  Htudy  of  the  geology  and  geography 
of  the  State,  the  future  of  Oregon's  economic  development.  ^ 

OKOi.nar  of  palkstike 


LATE  CE.VOZOIC  llAilllALIA. 


(Ahj-iiavl) 

J.  IC.  Spun',  111  ;i  impel-  cntllleil  "Descriptive  ireoliiKy  of  Nevada  south  of 
the  fortieth  pariillel  nrul  niijwii'nt  portions  of  fallfornlu."  has  directed  attcn- 
lion  to  the  PIliicciic  c'riiitliieiitiil  deiMwlts  oci'upyliii;  iin  extensive  territory  in 
the  Meadow  Vnlicy  rpuioii  of  sunt  ben  stern  XcvhiIh.  The  detcrm  I  nation  of  age 
of  these  lieds  was,  however,  nut  based  on  paleoiitriloulc'iil  evidence. 

Two  areas  are  now  known  In  this  provlmv  of  Nevada  where  well  eximsed 
MOdlmentiiry  deposits  .have  yielded  niainmnlbin  remains.  The  northern  area 
eiimprises  Meailow  Valley,  an  liiterwontaiic  Inclosuri'  iHnnided  on  the  west  by 
(he  Hlghliiiid  ItniLt:''.  on  the  east  and  sonlli  liy  the  Moriuon  Itange.  and  on  tlie 
north  by  the  I'iiiclie  Itaiige.  Near  the  vllUiBe  iif  I'aiiiiea,  Lincoln  County,  Ne- 
vada, the  depo.slts  In  whli-li  nianimiilliiii  remains  oirnr  consist  of  red-brown 
and  green  C()li)red  sands  and  clays.  Cross-bpilileii  saiiils  and  cravels  as  well  aa 
tuffaccous  matprbils  are  iilsii  present.  The  l>eiis  sh'iw  the  cITect  of  slight  fold- 
ing.    Several  series  of  terriiccs  arc  devpli'pcil  in  these  scdinieuts.     The  mam- 
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mallaii  fauns  coDRiRtH  of  a  caniel.  postdbly  I'ttaucheniit,  an  adrq^ced  type  of 
horse  related  either  to  Pliohipput  or  to  tguug,  and  a  rbfnocerofl.  The  fanna 
snggentN  that  the  deposits  are  of  I'lloceue  age.  The  mammal-bearing  sedlmeDts 
uf  Meadow  Valley  may  be  bnowo  as  the  Panaca  beds. 

Approilmatelf  80  miles  south  of  Panaca,  in  Meadow  Valley,  a  necond  series 
lit  mammal-bearing  deposits  Is  esi>0!<ed,  Id  Muddy  Valley.  These  l>edR  are 
mapped  by  Hpurr  as  PUooene.  Between  the  villages  of  Overton  and  Logan, 
Mncohi  County,  Nevada,  and  on  the  southwest  side  of  the  Mnddy  River,  the 
deposits  conslxt  of  well  Indurated  sands  and  elays,  red  or  light  brown  in  color. 
Tbey  rest  unconformably  on  a  wriex  of  t>edH  that  are  presumably  of  early 
Tertiary  age.  The  mamma  I -hearing  sediments  of  Muddy  Valley  are  also  ter- 
raced. In  the  well  Indurated  sands  and  ctays  a  small  rollecllon  of  mammalian 
remains  was  secured.  Camels  and  apparently  a  horse  are  the  only  members 
of  this  Tertiary  fauna.  The  forms  differ  from  those  found  in  the  Pauaca 
beds.  The  faunal  difference  suggcstK  that  the  norlbem  and  southern  deposits 
are  not  of  same  age.  I'ossibly  the  mammal-tiearlng  beds  of  Mnddy  Valley, 
which  may  be  designated  the  Muddy  Creeli  beds,  are  earlier  In  age  tlian  the 
Pnnaca  deposits. 

CORRELATfO.y  OF  THE  EMPIRE  FORMATIOX.   OREOOS 
BY  RENBY  V.  HOWE 

(Abttraet) 

1.  The  Empire  fauna  is  Lower  Pliocene  In  age  because  the  Wildcat,  Merced, 
Purisslma.  and  other  Ijower  Pliocene  formations  of  California,  whose  position 
Id  the  Tertiary  la  already  recognized,  contain  many  highly  ornamented  species 
of  mollusca  common  to  the  Empire.  Pliocene  age  of  the  Empire  is  indirated 
also  by  the  presence  of  the  genus  Dmdra§trr. 

2,  Tbe  Coos  conglomerate,  lying  with  Irregular  contact  on  the  Empire  beds, 
Ik  also  of  Pliocene  age. 

OesERVATIOye  0\    the  SKELETOX  of  the  cave  rear.  ARCTOTHERIl'M 


CriRRELATlOS  ASD  P.- 


tib»trarl} 

The  introduction  to  Ibc  imjier  <-oiiHlders  the  metlio'ls  and  principles  of  corre- 
lation a|)plled  to  the  problem  of  marine  Iteils  of  the  Pacific  coast.  The  main 
part  of  the  pajier  will  diKcuss  a  proiwsed  tentative  correlation  table,  with  ac- 
cumi>auylng  palei^eographlc  maps. 
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lAhilract) 

The  lower  Juraaslc  of  eastern  Oregon  has  heretofore  beeo  known  onlj- 
through  the  meager  fauna  early  obtatned  by  Thomas  Condon  from  Sllrles 
Canyon,  Harney  County.  The  fauna  wan  recently  found  to  ocviir  in  a  series 
of  Bedimeatary  and  araoclated  Intrusive  rocks  outrropplng  only  within  the 
canj'OD  of  Sllvles  River.  This  Berles  Includes  red  Impure  limestone,  light- 
colored  limestone,  flne-grained  »>hale,  arenaceous  shale,  arkonlc  nandntODe.  and 
haste  Intnislves.  The  fauna  of  nearly  fifty  species  Is  mainly  confined  to  the 
red  Impure  limestone,  though  occasional  specimens  were  found  In  the  shale 
memt>ers.  The  beds  apparently  are  dipping  steeply  southward  and  are  uncon- 
formably  overlalu  by  supposed  Columbia  River  lava. 

i.V  ADDITIOX  TO  THE  UARIMi  MAMMALIAN  FAVKA  OF  KEWPORT.  OREOOX 

BY  B.  U  PACK  ABO 

(Abstract) 

The  Newport  region  of  Lincoln  County,  Oregon,  has  already*  yielded  teeth  of 
Deimottylut  sp..  obtained  by  Condon  from  the  beach  of  Yaqulna  Bay :  a  skull 
of  DKgmatophoca  oregonenms  Condon,  and  recently  discovered  cetacean  re- 
mains. Stratlgraphic  studies  make  it  apparent  that  these  mammalian  sped, 
mens  were  all  derived  from  the  Monterey  Miocene,  wliich  Is  well  exposed  st 
Newport  and  which  has  yielded  a  characteristic  Inverleltrate  fauna.  A  nearly 
complete  cetacean  skull,  lacking  the  distal  ends  of  the  mandibles  and  portions 
of  the  NQuamosalH:  a  number  of  vertebrfe.  several  ribs,  and  various  elementK 
of  the  pe<'loP8l  K'rdle.  Including  fairly  well  preserved  scapulip,  were  found  In 
the  ocean  beach  west  of  Newport,  rrcllmlnnry  studies  Indicate  that  this  speci- 
men should  be  referreil  to  the  BaliiTiidip.  but  its  generic  position  la  ns  yet 
undelcrmlneil. 

rifiooM\'t:  OF  niE  pacific  coast  of  north  amehicw 


(.Ifidfrorn 

Tbp  oldest  TrlBoiiia  fauna  of  the  west  coast  of  North  America  occurs  in  the  i 
llardciJive  l.owci-  .Turnsslc  of  TnylorsvlUe.  (.'allfornls.  The  group  Clnvellata" 
iiud  f'ostiitiP  are  rciircKPiited  by  the  two  siieclcs.  both  of  which  are  related 
to  southern  Asiatic  forms  and  one  of  which  may  well  be  taken  as  ancestral  to 
n  Middle  .Turnsslc  species.  The  third  group  of  the  geinis,  the  Undulatw,  Is 
represented  In  the  Middle  Jurassic  of  the  Cordllleran  region,  while  the  Glabrw. 
Scnbrn".  and  Scji]iboldca  aiv  known  fiom  the  Mormon  Jurassic  of  California. 
Tlie  genus  is  not  repri-scnted  In  Ihc  Knoxvllle  Cretaceon.s.  The  Hometown 
and  f'hlco  fnuiias  include  l:;  M|ii>cics  and  one  vjiriely.  seven  of  which  are  new. 
Due  of  these  Is  considered  a  new  variety  of  ii  Japanese  species. 
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P  sec  ART  FROM  RASCHO  LA  BRBA 
BT  JOHN  C.  HKRBIAU  AND  CHE81EB  STOCK 

(AB«(roct) 

I'nx^ry  remains  from  Rsncho  La  Brea  Indicate  tbe  presence  of  tbe  genua 
Piatugunui.  The  Hpeciex  U  closely  related  to  P.  leptorhinut  and  P,  compre»»u». 
Ii  may,  however,  be  spedflcally  or  subspeciflcally  dtetlnct  from  known  North 
Americnn  forms  of  the  Pleistocene. 

Meeting  adjourned. 

ELECTION    OF   OFFICERS 

Results  of  an  election  of  officers  held  during  October,  1930,  indicate 
that  the  following  HelectionH  were  made: 

President,  Dr.  E.  L.  Packahd,  University  of  Oregon,  Eugene, 

Oregon, 
Tice-PresiJenl,   Prof,   B.   L,   Clabk,   University  of   California, 

Berkeley,  California. 
Secretary,  Dr.  Chehteh  Stock,  University  of  California,  Berkeley, 

California. 
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SOCIETY 


CONSTITl'TION 


TblH  Society  xhaU  )«  knuwn  as  The  rALKONTOLoaicAL  Socnrr.  It  In  afflt- 
lated  with  and  foruui  a  xectlon  uf  the  Geological  Society  of  America.  Thr 
two  societies  shall,  rnt  a  rule,  meet  together. 

Abticlb  II 

OBJECT 

The  object  of  this  Society  Itt  the  promottoD  of  the  Science  of  Paleontology. 
Abticle  III 


The  Society  shall  he  composed  of  Fellows,  Members,  CorrespondentH.  and 
Patrons. 

1.  Fellows  xhall  be  iiersons  who  hnve  publlahed  results  of  paleoDtologlcnl 
research,  and  who  upon  nomlnatioii  by  the  Council  have  been  duly  elected  to 
fellowship  by  the  (Jeologlcal  Society  of  America. 

2.  Memt»ers  !*hali  be  iiersonn  not  Fellows  who  are  engaged  or  interested  In 
puleoutologlcal  work. 

3.  Correspoudeiiti^  shall  be  iiersoiis  distinguished  for  their  attainments  in 
Taleontology  and  noi  resident  in  Norlli  America. 

4.  Patrons  shall  i>e  g>ersons  who  have  bestowed  Important  favors  upon  the 
Society.  Election  to  putronslilp  carries  with  It  tile  rights  and  privileges  of 
Members. 

5.  Fellows,  Members,  and  Patrons  are  entitled  to  vote,  but  only  Fellows  are 
eligible  to  office  lu  the  Society. 


1.  Tlie  (lIHi-erM  of  Ilie  SiH-lety  ai-e  a  President,  three  ^'loe-President».  a  Secre- 
Iiiry,  u  Treiisurer.  and  un  Hdiliir. 

Thoe  otilcers  conslllute  iiii  Kxecullve  L'ouiniltlee  to  l)c  called  tlie  Council. 

L'.  The  I'reslileut  shall  disiliarge  the  usuiil  duties  of  a  presiding  oHIcer  at 
all  meetings  of  the  Society  and  uf  the  Council.  He  shall  lake  cogniEaiiee  of 
Ilie  acts  of  the  .Society  iiiul  of  Its  olficers,  and  cause  the  provisions  of  the 
Constitution  and  Hy-Liiws  tc: 
shall  also  reiiresi'iil  Tnt  Pai 
logical  Soc'lety  of  .\iiierli-a. 
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3.  The  Vlce-Presldenta,  In  the  order  of  their  precedence,  shall  assume  the 
duties  of  President  iu  case  of  the  absence  or  disability  of  the  latter. 

The  three  Vice-Presidents  represent  respectively  the  three  chief  branches  of 
[inlMntoli^cy,  and  It  shall  be  the  duty  of  each  to  look  after  the  interests  and 
[invlde  lit  the  meetings  ol  the  tiection  which  he  represents. 

4.  The  Kwretaty  shall  keep  the  records  of  the  proceedings  of  the  Society, 
mul  a  complete  list  of  the  Fellows,  Meml>ers,  Correspondents,  and  Patrons, 
with  the  dates  of  their  election  to  and  separation  from  the  Society.  He  shall 
hIho  be  the  Secretary  of  the  Council. 

The  Secretary  shall  cooperate  with  the  Presldeut  Id  attention  to  the  ordinary 
affairs  of  the  Society,  He  shall  attend  to  the  preparation,  printing,  and  malt- 
ing of  circnlars,  blanks,  and  notifications  of  elections  and  meetings.  He  shall 
MUlierintend  other  printing  ordered  by  the  Society  or  by  the  President,  and 
shall  have  charge  of  its  dlstrlbntloD,  under  the  direction  of  the  Council. 

The  Secretary.  uiiIchs  other  provision  be  made,  shall  act  as  TJbrarlan,  and 
m  Custodian  of  the  property  of  the  Socletj",  except  as  provided  (or  in  Article 
IV.  section  6. 

5.  The  Treasurer  shall  have  the  custody  of  all  funds  of  the  Society  except 
the  tees  of  Fellows.  He  shall  keep  account  of  receipts  and  disbursements  in 
iletall,  and  this  atiall  be  nudlted  as  hereinafter  provided. 

It.  The  Kdltor  shall  su|>en'lHc  all  matters  connected  with  the  publication  of 
tlie  transactions  of  the  Society  under  the  direction  of  the  Couocll.  He  shall 
also  be  the  keeper  of  ail  publications  sent  to  the  Society. 

T.  The  Council  Is  clothed  with  executive  authority  and  with  the  legislative 
jwwera  of  the  Society  In  the  intervals  between  its  meetings;  but  no  extra- 
urdlnary  net  of  the  Council  shall  remain  in  force  beyond  the  next  following 
stated  meeting  without  ratlUcatlon  by  the  Society.  The  Council  shall  have 
control  of  the  publications  of  the  Society,  under  provisions  of  the  By-Laws 
and  of  resolutions  from  time  to  time  adopted.  They  shall  receive  nominations 
fur  Fellows,  Uembers,  Correspondents,  and  Patrons,  and,  on  approval  by  them, 
shall  submit  such  Domination  to  the  Society  for  action.  They  shall  have 
INiwer  to  fill  vacancies  ad  intciim  In  any  of  the  otflces  of  the  Society  not  other- 
wise provided  for. 

8.  Tei-mt  of  O/Pfp.—  The  President  and  Vice-Presidents  shall  be  elected  an- 
nually. The  President  shall  not  be  eligible  for  re-election  until  after  an  inter- 
val of  three  years  from  retirement  from  office.  A  Vice-President  Is  eligible 
for  re-election  not  more  than  once  within  such  Interval. 

The  Secretary,  Treasurer,  and  Editor  shall  be  eligible  to  re-election  without 
limltattoo. 

Abticle  V 

VOTISO    ASO   EIjrCTIO.NS 

1.  All  elections  shall  be  by  ballot.  To  elect  a  Fellow,  Memt)er,  Correspond- 
ent, or  Patron,  or  Impose  any  special  tax,  shall  require  the  assent  of  nine- 
tenthH  of  all  persons  voting. 

2.  Voting  by  letter  may  he  allowetl. 

3.  Election  to  J/«i»bcr«hfp.— Xomlnatlons  for  all  clas.«es  of  membership  must 
be  made  by  two  Fellows  according  to  a  form  to  be  provided  by  the  Council. 
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One  of  these  Fellows  must  be  personally  acquainted  wltb  the  nomiDee  and  his 
qualldcations  for  membersblp.  The  Council  will  submit  the  nomlnatlonB  re- 
ceived by  them,  if  approved,  to  a  vote  of  the  Society  In  the  manner  provided 
In  the  By-Iiaws.  The  result  mny  be  Hnnounced  at  any  stated  meetiDc;  after 
which  notice  shall  be  sent  out  to  the  elect 

4.  Election  of  Officer*. — Nomlnatlona  for  oOlce  shall  be  made  by  the  Council 
or  otherwise  as  provided  for  In  the  By-Laws.  The  oomlnatlone  Bball  be  sub- 
mitted to  a  vote  of  the  Society  in  the  same  manner  ae  nominations  for  mem- 
bersbip.  The  results  shall  be  aunouuced  at  the  annual  meeting;  and  the 
officers  tbuB  elected  shall  enter  upon  duty  at  the  adJourniDent  of  the  meeting. 

Abticle  VI 


1.  The  Society  shall  hold  at  least  one  stated  meeting  a  year  In  the  winter 
season.  The  date  aud  place  of  this  meeting  shall  be  tlxed  by  the  Council,  and 
announced  each  year  within  three  months  after  tbe  adjournment  of  the  pre- 
ceding winter  meetlOK.  Tbe  program  of  such  meeting  shall  be  determined  bj 
the  Council  In  conjunction  with  the  Council  of  the  Oeologlcsl  Society  of  Amer- 
ica and  announce  beforehand,  lu  Its  general  featured.  The  details  of  the 
daily  sessions  shall  be  arranged  by  the  Council  of  this  Society. 

2.  The  winter  meeting  shall  be  regarded  as  the  annual  meeting. 

3.  Special  meetings  of  the  Soclely  as  a  whole  or  of  any  of  Its  sections  as 
sectional  meetlugs  may  be  called  by  the  Council,  and  must  be  called  upon  tbe 
written  request  of  ten  Fellows,  for  a  general  meettug  aud  of  Ave  Fellows  for 
any  of  Its  sections. 

4.  The  stated  meetings  of  the  Council  shall  be  held  colncldently  wltb  the 
stated  meeting  of  the  Society.  Special  meetings  may  be  called  by  the  Presi- 
dent at  such  times  as  be  may  deem  necessary. 

6.  Quontm.— At  meetlogs  of  tbe  Society  a  majority  of  tbose  registered  in 
attendance  shall  constitute  a  quorum.  Four  shall  constitute  a  quorum  of  the 
Council. 

Abticle  VII 


Tbe  publications  of  the  Society  shall  be  under  the  Immediate  control  of  the 
Council. 

Articlc  VIII 

AUt.NllWENTS 

1.  This  Constitution  may  be  amended  at  any  winter  meeting  by  a  three- 
fourths  vote  of  all  tbe  Fellow^  provided  that  the  proposed  amendment  shall 
have  been  submitted  In  print  to  all  Fellows  at  least  three  months  previous  to 
the  meeting. 

2.  By-Laws  may  l«  made  or  amended  by  a  majority  vole  of  the  Fellows 
present  and  voting  at  any  annual  meeting,  provided  that  printed  notice  of  the 
proposed  amendment  or  by-lav*  shall  have  been  given  to  all  Fellows  at  least 
three  months  before  tbe  meeting. 
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IIKIIBEBBHIP 


1.  All  Fellow!)  of  the  Geological  Society  ot  America  In  gmxl  standing  whose 
work  U  primarily  lu  paleuutuloKy  uiay,  upou  appllcatloD  to  the  Council  of  this 
SiM-letf ,  be  elected  without  additional  dues  as  Fellows  of  The  Paleontologlcal 
Soriety.  Such  Fellows,  It  IJIe  Members  of  the  Geological  Society,  will  have 
no  further  dues  to  pay  In  The  Pateoutologlcal  Society. 

2.  No  person  shall  be  accepted  as  a  Fellow  of  The  Paleoutologlcal  Society 
unless  he  pay  to  the  Geological  Society  of  America  the  initiation  fee  and  the 
(lues  for  the  year  within  three  months  after  notlBcatlon  of  his  election.  The 
lultiatton  fee  of  Fellows  shall  be  ten  (10)  dollars  end  the  annual  dues  ten  (10) 
dutlars,  payable  on  or  before  the  anuuul  meeting  in  advance;  but  a  alngle  pre- 
puynieut  ot  one  hundred  (100)  dollars  shall  Ite  ac<.'epted  as  commutation  tor 
life. 

Ttie  annual  dues  for  Members  shall  be  three  (It)  dollars.  No  person  shall 
be  accepted  as  a  Member  unless  he  pay  the  dues  for  the  year  within  three 
mouths  after  notlAcatlou  of  his  election.  The  annual  duex  are  payable  to  The 
PaleuQtologlcal  Society  uu  or  before  the  annual  meeting. 

'i.  An  arrearage  In  payment  of  annual  dues  shall  deprive  a  Fellow  or  Mem- 
ber of  the  privilege  of  taking  part  In  the  management  of  the  Society  and  ot 
rtcelvlng  the  publlcatloux  of  the  Society.  An  arrearage  continuing  over  two 
C-'i  y^rs  shall  be  construed  as  uotlfluatlon  ot  withdrawal. 

i.  Any  person  eligible  under  Article  III  of  the  Constitution  may  be  elected 
Patron  upon  the  payment  ol  one  thousand  (1,000)  dollars  to  the  Society. 

CUAPTEB  II 


1-  The  President  shall  countersign.  If  he  otiproves,  all  duly  authorised  ac- 
counts and  orders  drawn  on  the  Treasurer  for  the  disbursement  ot  money. 

■2.  The  Secretary,  until  otherwise  ordered  by  the  Society,  shall  perform  the 
duties  of  Kdtlor,  Librarian,  and  CuHtodlan  of  the  property  of  the  Socletj'. 

3.  The  Society  may  elect  an  AsslMtunt  Secretary. 

4.  The  Treasurer  shall  give  bonds,  with  two  good  sureties  approved  by  the 
Council,  in  the  sum  of  one  thousand  dollars,  for  the  faithful  and  honest  per- 
formance of  bis  duties  and  the  safe-keeping  of  the  funds  oT  the  Society.  He 
Diuy  deposit  the  funds  In  bank  at  his  discretion,  hut  shall  not  Invest  them 
without  authority  ot  the  Council.  His  accounts  shall  be  balanced  as  on*  the 
[liirtlelh  day  of  November  of  each  year. 

5.  Ttie  minutes  of  the  proceedings  of  the  Council  shall  be  subject  to  call  by 
the  Society. 

tf.  The  Council  may  transact  its  business  by  corresi>ondence  during  the  in- 
lenals  between  Its  stated  meetings ;  but  aUlrinatlve  action  by  a  majority  of  the 
Council  shall  be  necessary  in  order  to  make  acUon  by  correspondence  valid. 
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EI£CTION    OF    MEMBERS 

1,  NomiiiHtloiin  for  nil  claBM<^  of  memlteivhip  may  Iw  proposed  at  any  time 
oil  Mankii  to  b«  KUp|)ne<l  by  the  Secretary. 

2.  The  Horm  for  iiomlnutlou  Dhsll  lie  an  follows: 

III  ai-<'ordance  with  hlH  dcHtre.  we  respectfully  nominate  (or  Fellow,  Meiul>er, 
('urrexpondent.  or  Putroo  ut  The  I'aleontoloeJcal  Society: 

Full  iianie;  degrees:  addreHs;  occupation;  branch  of  Paleontology  now  eii- 
gageil  Id  :  work  already  done  and  publications  made. 

(Signed  by  at  least  two  Fellows.) 

The  form  when  fliled  Is  to  be  transmitted  to  the  Secretary. 

:i.  The  Secretary  will  bring  all  nominations  before  the  Council,  at  the  wluter 
meeting  of  the  Society.  The  Council  will  signify  its  approval  or  disapproval 
of  eiich,  and  forward  to  the  Council  of  the  (Seologleal  Society  of  Amerliai  all 
approved  nominations  to  Fellowsbl)). 

4.  At  least  a  bioiilh  liefore  the  stated  winter  meeting  of  the  Society  (be 
Set^Tctary  shall  mall  a  iirlnteil  list  of  all  approved  nominees  for  membership 
to  each  Fellow  and  Member,  accompanied  by  such  Information  as  may  l>e 
necessary  for  liitelllifent  voting,  but  an  Informal  list  of  the  candidates  stiall  be 
sent  lo  each  Fellow  luiii  Member  at  least  two  weeks  prior  to  distribution  of 
the  ballots. 

5.  The  Fellows  and  Members  receiving  the  list  will  signify  their  approval  or 
disapproval  of  each  nominee,  and  return  the  list  to  the  Secretary. 

0.  At  the  next  stated  meeting  of  the  Council  the  Secretary  shall  present  the 
lists  and  the  C'ouni4l  will  canvass  the  returns. 

7.  The  Council,  by  unanimous  vote  of  the  members  in  attendance,  may  ^1111 
exercise  the  |iowci'  iif  rejection  of  any  nominee  whom  new  information  slioW'^ 
lo  lie  uiisutluble  for  memberstilp, 

S.  At  the  next  stated  mectiiiR  of  the  Society  the  Council  shall  declare  the 

Chapter  IV 


riic  ('••iinc'll  stiiill  i>rc|>iire  a  list  of  nominations  for  the  several  offices. 
I  llNt  will  <'»[istllure  the  rejiular  ticket.  This  ticket  must  be  approved  b.v 
loL'liy  iif  ili<>  ciillrc  C.miicll.  The  miiulnee  for  Pre.iident  shall  not  be  n 
.'I'  .if  till'  Couiicll. 

riic  l\M  shall  111'  imilled  In  the  Fellows  and  Memlwrs,  for  their  Infurmu- 
iil  li'iL»t  nine  niiiNth.s  before  the  annual  meeting.  Any  five  Fellows  may 
r.l  lo  llic  Si'crctury  ullier  iioiulniilloiis  for  any  or  all  offlces.  All  such 
Dillons  [•fiirbiuK  llic  .'k'lTetiir.v  al  least  4(1  ilaj's  before  the  annual  meeting 
lie  printed,  tiiirclbcr  with  (he  mimes  of  the  iiumlmitors,  as  s|>eclal  tickets. 
.-i;ubir  mill  spciiiil  tickets  shall  tlieii  be  iimlled  to  the  Fellows  and  Mem- 
it  Iciist  -jr,  diiys  liefciiv  the  annual  nipeting. 

'he  Fclliws  ;iiid  Mi'mlicrs  sbnll  send  their  ballots  to  the  Secretary  In 
;■  eiiv.'lojH-s,  I1ii.  imter  i-nveli.|ie  bearini;  llic  voter's  mime.     At  the  winter 
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meetfng  of  the  Council,  the  Secretary  shall  brlDK  the  returns  of  hallots  before 
the  Council  for  canvass,  and  during  the  winter  meeting  of  the  Society  the 
Council  uball  declare  the  result 

4.  In  case  a  majority  of  all  the  ballots  shall  not  have  been  cast  for  any  can- 
illOale  for  any  office,  the  i^odety  shall  by  t>allot  at  such  winter  meeting  proceed 
to  Biake  an  election  for  such  office  from  the  two  candidates  having  the  hlgtaext 
number  of  rotes. 

Chapter  V 

nNANCUL    METHODS 

1.  No  pecuniary  obligation  shall  be  contracted  without  express  sanction  of 
(lie  .Society  or  the  Council.  But  It  is  to  be  understood  that  all  ordinary,  lucl- 
dratnl.  and  running  eiitenHcs  have  the  permanent  sanction  of  the  Society, 
witbont  ni>e<-lal  action. 

2.  The  creditor  of  the  Society  must  present  to  the  Treasurer  a  fully  Item- 
iced  bill,  certlded  by  the  oRlcial  ordering  It,  and  approved  by  the  President. 
The  Treasurer  Mhall  then  ])ay  the  amount  out  of  any  funds  not  otherwise  ap- 
liroitrlated,  and  the  receipted  bill  shall  be  held  as  bis  voucher. 

3.  At  each  annual  meeting,  the  President  shall  call  upon  the  Society  to 
choose  two  Fellows  or  Members,  not  members  of  the  Council,  to  whom  shall  be 
referred  the  books  of  the  Treasurer,  duly  posted  and  balanced  to  the  close  of 
N'ovember  thirtieth,  as  spectfled  In  the  By-Ijiws,  Chapter  II,  section  4.  The 
Auditors  shall  examine  the  accounts  and  vouchers  of  the  Treasurer,  and  any 
member  or  members  of  the  Council  may  be  present  during  the  examination. 
Tbe  report  of  the  Auditors  shall  be  rendered  to  the  Society  before  the  adjourn- 
ment of  the  meeting,  and  the  Society  shall  talce  appropriate  action. 

Chapter  VI 

PUBLlCiTlONS 

1.  Tbe  publications  are  In  charge  of  the  Council  and  under  Its  control. 
'i.  One  copy  of  each  publication  shall  be  sent  to  each  Fellow.  Member,  Corre- 
spondent, and  Patron. 

Chapter  VII 

THE   Pl'BLICATION    FUND 

The  Pi^licatlon  Fund  shall  consist  of  donations  made  In  aid  of  publication. 
Chapter  Vill 


1.  The  Order  of  Business  at  winter  meetings  shall  be  as  follows : 

(1)  Call  to  order  by  the  presiding  officer. 

(2)  Introductory  ceremonies. 

(!{>  Report  of  the  Council  (including  report  of  the  officers). 
(4)  Appointment  of  the  Auditing  Committee. 
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(B)  Declaration  of  tbe  vote  for  offlcera,  and  election  by  the  meeting 
In  case  of  failure  to  elect  l>;  the  Soclet;  through  transmltled 
bsllote. 

(6)  Declaration  of  the  vote  for  Fellows. 

(7)  DeelaratloD  of  the  vote  for  Members, 
r          (S)  Deferred  buBlness. 

(9)  New  busineBS. 

(10)  Announcements. 

(11)  Necrology. 

(12)  Reading  of  scientific  papers. 

2.  At  an  adjourned  session  the  order  shall  be  resumed  at  the  place  mcbed 
on  tbe  previous  adjournment,  but  new  business  will  be  In  order  before  tbe 
reading  of  sclent  Iflc  papers. 

3.  At  any  Special  Meeting  the  order  of  business  shall  be  numbers  (1),  (2), 
(3),  (10),  followed  by  tbe  special  buslneHs  for  which  the  meeting  was  called. 


t.yGoo'^lc 


BULLETIN  OP  THE  GEOLOGICAL  SOCIETY  OF  AMERICA 
Vol,  as,  pp.  iB7-i«a  March  ai,  ma 


PROCEEDINGS  OF  THE  FIRST  ANNUAL  MEETING  OF  THE 
SOCIETY  OF  ECONOMIC  GEOLOGISTS,.  HELD  AT  CHI- 
CAGO, ILLINOIS,  DECEMBER  28-89,  19^0. 

J.  VoLNEY  Lewis,  Secretary" 

CONTENTS 

Pige 

Spssloti  of  Tuesday,  December  28.  1920 157 

List  of  offlcera  for  lfi20 157 

Election  of  ofnceni  (or  1921 157 

Presentation  of  papeni 1S8 

Session  of  Wednesday.  De<«ml>er  2B.  1920 168 

Preseotatton  of  papers 158 

Constitution  and  By-Laws 159 


Session  of  Toesday,  Dkcehber  28,  1920 

The  first  annual  meefinp  of  the  Society  of  Economic  Geologists  was 
h>M  in  RoRenwald  Hall,  University  of  Chicago,  Chicago,  Illinois,  on 
December  28-29,  in  affiliation  with  the  Geological  Society  of  America, 

LIST  of   officers   FOR   1920 

President,  R.  A.  F.  Penhosk,  Jr. 

Vice-President,  E.  S.  Bastin, 

Secretary  and  Treasurer,  J.  VoLNEY  Lewis,  New  Brunswick,  N,  J, 


W.  H.  Emmons  Waldbmar  Lisdoren 

H.  S.  Gai,e  a.  C.  Veatch 

H.  V.  WiNCHELL 
ELECTION    OF   OFFICERS    FOR    lOSl 

The  officers  as  giien  above  were  contiiiuecl,  by  appropriate  ballot,  for 
the  year  1921. 

*  HsDiucrlpt  received  by  the  Secretary  ot  Ibe  GeologlcBl  Soclelf  Frbruar;  IP,  1621. 

(157) 
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The  sessions  of  the  Society  were  called  to  order  by  President  Penrose, 
and  scientific  papers  were  read  according  to  the  program. 

PBESEST.1T10N    OF    PAPERS 


BV  WALDEUAB  L 
BCJEATIFIC    Bi-FHODWrS   OF  APPLIED    QEQLOQY 
BY  CEOBCE  OTIS    BUITH 

This  paper  was  read  by  Philip  Sidney  Smith,  in  the  absenre  oftlie 
author. 


BV  J.  F.  KEUI> 
I    UIBLIOORiPHY  Of   ECOXnaiC   QEOLOOY 


Session  of  Wednesday,  December  29,  1920 

presentation  of  papers 

l\fll'evve  of  sp.iciko  of  oil  wki.lh  0\  dcke  yield 

by  bosweli.  h.  john.son 

sotbs  o.v  the  ohiqis  of  the  hilver  ores  of  the  coustock  lode 

hv  keesport:  a  hitoy  l\  political  axd  ecoyomic  geolody 
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CONSTITUTJOK   AND  BY-LAWS 


CONSTITUTION'  AXD  BY-LAW'S  OF  THE  SOCIETY  OF 
ECONOMIC  GEOLOGISTS' 


CONSTITUTION 


Tbe  name  ot  the  ABSoctarion  t^hall  be  Society  of  Ilk:ON'ouic  Geologists. 

II.^Objecth 

The  SiM-let.v  shall  have  for  Its  <)bjertM  the  advuiii-emeiit  ot  Hclence  of  geology 
iij  ilM  application  to  mining  niid  other  InduKtrlex;  the  (ItlTuslon  of  knowledfre 
i-oni-emiiig  KUch  application  ;  the  ailvaix-emeiit  HuiI  the  proleotloii  of  the  ntatus 
of  the  i)rofesKkm :  the  deflnttloii  and  matntenam-e  of  an  ailiHiUHte  professional 
stauilanl.   and    Ihe   foriuulatlon    and   maintenance   of  a   code   of  profesflional 

1 1 1 . — Meubersh  IP 

The  Society  .shall  comprtw  members  who.  hy  hnowfedpe,  experience,  and 
honorable  standing,  are  qualified  to  advance  the  objects  of  the  Society,  and 
who  -ihall  l>e  elected  to  membership  as  hereinafter  provldwi. 

.\  miKlldate  for  memberKhip  must  have  had  eight  years"  pri>fes»lonnf  esperl- 
ence.  ln<-IudlnK  not  lesx  than  tlve  years'  work  principally  devoteil  to  geologj' 
appHe<l  to  mining  or  other  IndustrleH.  of  which  three  years  must  have  been  In 
piisilioiiK  of  reMponHlldlity.  (iraduales  In  geoloto'  or  euglneerlng  of  approved 
s<'hiH>ls  Hhall  l)e  crecllted  as  to  the  eight  years  »-ltb  one-half  of  the  time  pre- 
■utIImhI  for  graduation.  (ie()liwlsts  or  etiglneei's  wlio  have  renileretl  signal 
-ervlce  )n  the  application  of  geology  to  mining  or  other  Industries  may  also 
he  eliglMe. 

IV. — Officers  Asn  Cor.^cii, 

The  nllairs  of  Ihe  Society  shall  be  managed  by  a  Council,  which  shall  he 
elected  annually  by  letter  batlot  In  the  manner  hereinafter  preHcrll)ed. 

The  t'ouncil  shall  consist  of  the  offlcerN  of  the  SiH-lety  named  below  and  five 
other  membem.  The  oIllcerM  of  the  Sticlely  shall  cfnislst  of  a  President  and  a 
Vice-rresldent,  who  shall  I*  electwi  annniilly  as  hereinafter  provided,  and  a 
."^^-retiiry  and  a  Trea«urer,  who  shall  l>e  elwte<l  by  the  <'ouncll.  The  offlces 
of  Sei'n^tary  and  Treasurer  may  l>e  i-ombined  In  one  iierMiii  by  vote  of  the 
(-ouncll.  The  Treasurer  shall  dlsliui-se  the  funds  of  the  Society  as  directed  by 
the  t'ouncll. 

nie  tprm  of  othce  of  the  other  meml>ert'  of  the  Council  shall  In-  two  years. 
At  the  first  election  five  members  shall  be  cliiwen.  three  to  serve  two  years  and 
two  to  serve  one  year. 

In  th«  event  of  a  vacancy  in  the  Council,  the  remaining  memtiers  of  the 
Council  may  elect  a  succesaor  to  Bll  the  vacancy  until  the  next  election.  Mem- 
l*rs  of  the  Council  are  permitted  to  vote  by  proxj'. 

>  Aflllated  with  the  Geological  ttocivty  ot  America,  by  vutp.  an  DeccoiUec  21).  IDSO. 
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v.— Stated  Meetinos 

There  shall  be  one  or  more  meetlnKR  annually  at  times  and  places  to  tte 
decided  on  by  the  Council.  The  winter  meetlnic  »hall  be  conBldei^d  the  Annual 
Meeting  for  the  election  of  ofTlcerR  and  the  transaction  of  other  bnnlnesa  pre- 
,  Borlbed  for  Buch  meeting. 

The  Society  may  adopt  by-laws,  rules,  and  regulatlonG  for  the  conduct  of  Its 
buslnens,  provided  that  Ihese  nre  In  harmony  with  ItH  Constitution,  and  may 
provide  methods  for  amending  or  repealing  such  by-laws,  rules,  and  regulations. 

VI  t. — ApMISSlONS 

A  candidate  for  membership  must  be  proposed  hy  three  Tneml>ers;  and.  If 
approved  by  the  Council,  then  his  name  shall  be  submitted  to  a  direct  ballot 
vote  of  all  the  members  of  the  Society,  subject,  to  Unal  confirmation  by  the 
Council.  On  or  after  120  days  after  the  mailing  of  the  direct  ballot  vote  to 
the  members  of  the  Society^thls  final  action  by  the  C<ouncli  may  he  taken. 

In  the  election  of  members  of  the  Soclet.v,  three-fourths  of  all  votes  cast 
shall  be  required  to  elect:  provided  that  If  ten  votes  be  cast  against  the  can- 
didate he  shall  be  considered  rejected.  If  any  member  falls  to  cast  tits  vote 
within  the  specified  time,  his  ballot  shall  be  considered  to  be  In  the  alllrmatlve. 

In  the  confirmation  of  membership  by  the  Council  a  majority  vote  is  neces- 
sary for  acceptance;  provided  that  two  adverse  votes  In  the  C^iuncll  may 
defer  the  acceptance.  In  which  case  the  Council  may  again  consider  the  can- 
didate and  vote  on  him  for  acceptance  at  any  meeting  after  the  lapse  of  one 

Vill.^ANNrAI,   DVKS   AND    LiFE    MEURI!:aSllIP 

The  annual  duew  "f  members  nIihII  be  f.'i.nft,  payable  In  advance  on  January  1. 
Life  membership  shall  be  *T5.0(>. 

If  jumuHl  dues  are  imt  pflld  wltlilii  (he  year  to  which  they  apply,  the  Secre- 
tary shall  notify  any  one  who  W  dellntiuent.  and  If  In  120  days  after  the  notfi-e 
hiiH  been  mulleil  the  dues  arc  nut  paid,  the  delinquent  mcmlrers  shall  be  dropped 
from  the  list  of  members.  Any  such  member  may  be  reinstated  by  making 
explanation  satisfactory  to  the  Council  and  paying  all  pa.st  dues. 

Finids  received  from  the  payment  for  life  raf-mbersbtp  slialt  be  applied  to 
un  Investment  fund,  of  which  only  tbe  interest  may.  In  the  discretion  of  the 
Council,  be  usi^d  for  (he  i-urrent  expenses  of  (he  ,loclety  ;  provided,  also,  that 
the  Council  niiiy  have  tlic  authority.  In  emeritencics  or  times  of  need  for  other 
worthy  purposes,  to  draw  on  the  principal  of  this  fund. 

IX,     Resiknationk 

Any  memlMT  not  In  iirrciirs  in  pjiymeiit  of  rlues  mjiy  terminate  his  connec- 
tion with  the  Hiidety  by  sending  hi"  rrslKtintlon  in  writing  to  the  Secretary. 


nny  he  suspended  or  terml- 
ote  of  the  members  of  the 
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Counrtl.  Notice  of  such  Intended  action  shall  l>e  wnt  to  such  member  by 
rpfcisiered  mall,  and  action  shall  not  be  taken  for  at  leant  ninety  dayn  after 
the  mailing  of  Ibis  notice  to  such  in(>ml)er.  A  member  Bunpended  or  expelled 
ntny  demand  a  sealed  letter  ballot  Bustalnfng  or  reversing  the  action  of  the 
(.'ouDcll.  This  ballot  shall  be  sent  to  all  membern  and  may  be  accompanied  by 
a  Ktotement  signed  by  the  Council  or  a  commlttpp  thereof,  and  hy  a  Htatement 
on  t>ehiilf  of  the  meml)er  concerned.  A  majority  of  the  votes  received  within 
ninety  days  after  tbe  mailing  of  the  ballot  Khali  he  required  to  reverse  the 
af-tlon  of  the  Council. 

XI.— Ophcebb 

The  officers  of  the  Society  us  alK>ve  provided  shall  !«•  elected  as  hereinafter 
provided,  except  that  whenever  a  vacancy  occurs  It  shall  be  filled  by  a  majority 
of  votes  of  the  Council.  Tbclr  recpectlve  terms  of  ofBce  shall  begin  at  the 
clot*e  of  the  meetlnt;  at  which  they  arc  elected.  The  duties  of  the  several 
officers  shall  tte  such  as  ustiiilly  attach  to  their  respective  offices,  or  such  as 
may  be  declared  by  the  Council.  In  the  event  of  the  Inability  of  the  President, 
either  by  slcknesH  or  by  absem-e,  to  pefform  tbe  dutleo  of  bis  office,  the  Vlce- 
PreHlrtent  shall  act.  If  both  the  President  and  the  Vice-President  be  inca- 
pacitated, a  meeting  of  the  C<)Uncll  at  the  earliest  possible  date  shall  be  called 
by  the  Secretary,  and  a  Second  Vice-President  shall  then  he  named  to  act  In 
the  place  of  the  President  and  the  First  Vice-President.  In  the  event  of  the 
absence  or  disability  of  the  Secretary  or  the  Treasurer,  the  President  may 
app>ilnt  an  Acting  Secretary  or  Acting  Treasurer  to  perform  the  duties  of 
these  respective  offices ;  these  appointments  to  be  subject  to  the  conflnnatlon 
of  the  Council  at  Its  nest  meeting. 

XII.— Amesouextb 

Amendments  to  the  Constitution  may  be  presented  at  a  regular  or  business 
meetlnK  of  the  Society,  and  if  Indorsed  by  the  Council  or  signed  In  writing  by 
at  least  ten  per  cent  of  the  members,  a  ""opy  of  such  proposed  amendment  shall 
be  «ent  to  all  members,  accompanied  by  comment  by  the  Council.  If  11  so  elects. 
at  leant  thirty  days  In  advance  of  the  next  regular  meeting.  Al  that  meeting 
the  amendment  may  be  changed  as  to  wording  but  not  as  to  Intent,  and  It 
sliall  then  tie  submitted  to  a  final  vote  by  soale<l  letter  imllot  sent  to  all  mem- 
bers. The  poll  shall  l>e  ojien  for  V2(i  da.vs  from  the  date  of  the  mailing  of  the 
tuillot.  For  the  adoption  of  the  amendment  two-tlitrds  of  the  votes  cast  shall 
l)e  retiulred. 

BY-LAWS 

I.— NOM I  NATIONS 

In  all  elections  of  oOlcers,  members  shall  be  provided  wllh  tickets  mntaln- 
ing  tlie  nominations  of  at  least  three  <'an<tidares  for  each  office. 

In  advance  of  the  annual  meeting  the  ('ouncll  shall  appoint  a  nominating 
.■.jmtnittee  of  three  members,  not  more  than  one  of  whom  shall  l)e  a  member 
of  the  Cotmcll.  This  committee  shall  nominate  three  candidates  for  each 
ottlce  to  tie  filled  by  election  at  the  ensuing  annual  meeting,  and  these  nomina- 
tions shall  be  sent  to  the  members  at  least  120  days  before  the  time  of  the 

Xi-- Br-fJ_  OeoU  8oc.  Am.,  Vol.  32,  li>20 
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anuuaJ  meeting.  To  this  ballot  shall  be  added  any  further  nomination  which 
le  proposed  and  supported  by  ten  or  more  niemlwrs;  sucli  further  nomination 
must  be  received  by  the  Council  at  least  150  days  before  tbe  date  of  the  annual 
meeting.  Votes  to  be  counted  must  be  received  by  the  committee  of  tellers 
appointed  by  the  Council  on  or  before  the  day  previous  to  the  first  day  of  Ihe 
annual  meeting. 
A  plurality  vote  shall  elect. 

11.— PraucATioss 

The  Council  has  authority,  with  the  approval  of  the  author  of  any  paper 
presented  at  any  meeting,  to  make  arrnngements  for  publishing  such  paper 
throngh  one  of  the  several  available  channels :  but  the  acceptance  of  n  paper 
for  presentation  at  a  meeting  does  nut  necessarily  imply  that  It  will  be  recum- 
niended  by  the  Council  for  publication. 

III. — COHMITTKES 

The  Council  may  provide  for  such  temporary  or  standing  commltteeB  as  it 
deems  desirable,  and  may  delegate  In  surh  committees  so  much  of  its  authority 
as  It  deslires. 

IV. — PROORAH    COUUITTEE 

A  special  program  committee  shall  be  designated  by  the  Council.  Its  duties 
shall  be  to  draw  up  and  carry  out  a  program  for  meetings  of  the  Society. 

V. — Vote  or  CoNriDENrE 

The  Council,  by  a  vote  of  four  of  its  members  or  upon  the  request  in  writing 
of  twenty  per  cent  of  the  members  of  the  Society,  shall  submit  any  question 
upon  which  they  have  passed  to  the  memliership  for  a  vrite  of  confidence. 
Such  vote  must  be  iniuigurated  within  fifteen  da.vs  after  a  motion  for  a  vote 
of  confidence  has  lieen  passed  by  the  Conncil  or  a  request  In  writing  by  twenty 
per  cent  of  the  members  of  the  Si>clety  has  been  re<-eived  by  the  Secretary: 
and  Ihe  majority  of  votes  received  within  IJO  days  after  the  mailing  of  the 
ballot  shall  dei'Ule.  In  i-ase  sui-h  question  is  decided  against  the  rouneil.  the 
mcndiers  thereof  shall  fr)rthwllh  resign  ofllce,  their  reHlgiiatlons  to  take  effecl 
on  election  of  llielr  ynccessurs.  and  H  new  election  of  the  whole  Ciiuticll  shall 
be  inimeillately  ordered  to  be  conduclwl  as  provided  in  the  By-I-aws. 

Ameiulmenls  to  the  Jty-ljiws  may  lie  proiMised  ill  any  meeting  of  the  Society 
or  any  meeting  of  Ihe  Council.  If  approved  by  the  Council,  the  proposed 
annulments  shall  be  submitted  to  the  membership  by  letter  liallot  and  the 
majority  of  the  voles  received  within  llIO  diiys  from  the  date  of  mailing  shall 
imss  or  defeat  the  iimendmetil.  the  result  of  the  ballot  to  lie  effective  inoie- 
diiilely  upon  lis  dcclarullon  by  Ihe  Pi-esldciit. 
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Session  of  Wednesday,  December  39,  1920 

The  Jlinoratogical  Society  of  America  held  its  first  annual  meeting  in 
R<>(«DwaId  Hall,  University  of  Chicago,  Chicago,  Illinois,  on  December 
29,  in  affiliation  with  the  Geological  Society  of  America. 

LIST  or  OFFICERS    FOR    1920 

President,  Edward  H.  KRArs, 

University  of  Michigan,  Ann  Arbor,  Michigan. 

Vice-President,  Thomas  L.  Walker. 

University  of  Toronto,  Toronto,  Canada. 

Secretary,  Herbert  P.  Whiti/)ck, 

American  Museum  of  Natural  History,  New  York  City. 

Trf^isurer,  Albert  B.  Peck. 

Bureau  of  Standards,  Washington,  1).  C. 

Editor,  Enr.AR  T.  Wherry, 
Bureau  of  Chemistry,  Washington,  1>.  C. 

Councilors: 

A.  S.  Eakle,  1919-1920,  University  of  California. 
F.  B.  Van  Horn,  1919-1921,  Case  School  of  Science. 

(163) 
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F.  £.  Wbioht,  1919-1922,  Geophysiul  Labontory. 
A.  H.  Philupb,  1919-1923,  Princeton  Unirenity. 

The  seMionB  of  the  Society  mn  called  to  order  by  Freeident  Kraus 
at  9  a.  m. 

ELKcriOH  OF  OmCKKS  TOR  1921 

The  Secretary  announced  that  the  regular  ballot  for  officers  for  1921 
had  resulted  a«  follows : 

President,  Cbarles  Pauche. 
Vice-Preaident,  Waldkiub  T.  Sohallbr. 
Secretary,  Hbbbbet  P.  Whitloce. 
Treasurer,  Albbbt  B.  Peck. 
Editor,  Edgak  T.  Whbrry. 

Councilors: 

F.  R.  Van  Horn,  1919-1921,  Coae  School  of  Sdeoce. 
F,  E.  WuoHT,  1919-1923,  Geophyiical  laboratory. 
A.  H.  Phillips,  1919-1923,  Frinceton  Univernty. 
A.  F.  Booms,  1920-1924,  Stanford  TTnirerrity. 
£.  H.  Kraus,  Past  President 

PBESENTATIOK  OF   PAPERS 

The  presentation  of  ecientific  papers  was  then  taken  up  according  to 
the  program : 

FLTCRB  Of  UlSERALUOr  IX  AUBKICA 

PBESIPBNTIAI.  ADDBEBB  BY  E.  H.  KIADS 

APHTHITAUTB  FROa  KILAVSA 

BY  H.  H.  WASMinaTort  and  h.  b.  iiKawiN 

BOME  BVaaBBTIVF.  OEXKRAI.  MINBRAL  CHARACTBRB 

BY  II.  f),  WARItinaTOM 

.VOr£  OS  ACaiTK  FROU   IBBVriVB  AXD  BTSA 

BV    U,   B.   WAHHINOTOS    AND   H.   E.    UBRWt:« 

MISBRALOOY  OF  THE  TOVftMAUXE  MISB  KBAR   VASroN   CITY,  COLORADO 
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OHiaiX  OF  THE  COLBUASITE  DBPOaiTB  OF  CALIFORSIA 

BY  w,  r.  roBUAG 

HYDROVe  TALCS 

BT  W.  F.  FOBHAG  AND  K.  T.  WHRBRT 

DUUOXDS  OF  PIKE  COUXTT,  ARXASHAS 

BY  OEOBOB  F.  KU.f  Z 


BT  T.  L.  WALKEB 

trOTES  OS  laOMORPHIBM 

BY  E.  T,  WHBBBT 

ORIESTITE  FROM  CUBA 

BY  D.  FOBTBll  MEWBTT  AND  EABL  SHANNON 


BY  OTTO  VON  SCHUCHTEN 
OCCCRRBSCE  OF  COSALITB  IX  0\TARIO 


CRYSTAL   HABIT  OF  ORTHOCLASE  FROM  PBXTICTOS,   BRITIBB  COLUUBIA 
BY  T.  L.  WALKEB 


BY  A.  L.  FABHO.NH   AND  E.  TItOUBON 

CALCITE  FROM  eHAXOOiyAH  lai.AXIi.  LAKE  8UPBRIOR 

BY  A.  L.  FABBON8 

XBW  fllilPLIFlBD  JiKTHon  fOR  ORAWIXO   CRYSTALH 

BY  C.  D.  8LAWHON 

BIONIFICAXCB   OF  CRYSTAL  HABIT 

BY  E.  T.  WHBBBY 

HBltATITE  CRYSTAL  FROM   MAXTOy.   RHODE  I8LAXD 

BT  A.  C.  HAWKINS 
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The  three  following  papers  were  read  by  title : 


F  CKESTMOSE, 


BY  A.  8.  EAKLX 
FURTHER  \OTB8  OS  BAKLBITB 


HOLDENITB  AXD  CAHXITB:  ' 


Bt  C.  PALACHB 
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SST^'V^'^^*^^    AND   BY-LAWS   OF   THE   MINERALOOICAL 
*"*■  SOCIETY  OF  AMERICA' 


CONSTITUTION 
Abticle  1 


TtiU  S(M.-leU'  sball  be  kuuwii  as  the  Miner  a  logical  Society  of  Auehica. 
Article  II 


Tlie  object  vl  UiIh  Society  shall  he  tbe  advancement  of  mineralogy,  crystal- 
lograpli)',  und  allied  sciences. 


The  offiL-ers  of  tlie  Society  nhal!  l>e  a  PreBldent.  a  Vlce-Preuldent,  a  Treas- 
urer, a  Secretary,  and  an  Editor,  wbo  nhall  l>e  elected  ainiuallj'.  There  sball 
be  ail  Ksecutlve  Counell  coDtilHtIng  of  the  above  ufllcers.  the  retiring  President, 
and  four  Fellowjj  at  large,  to  be  elected  for  term«  of  four  years  each. 

Article  !V 

meubersmip 

Section  1.  The  general  meniberKliip  of  the  Society  shall  be  composed  of 
Fellovrs.  Members,  and  I'atroiiM.    There  may  alHo  be  Curresi>ondents. 

Sec.  'J-  Fellows  shall  Ih>  i>ersons  who  have  puhllsbed  results  of  researeb  In 
mlnemlogy.  crystallography,  or  allied  scleneeit.  and  who  upon  nomination  by 
the  fV)un<ll  shall  have  been  duly  elected  to  fellowship  In  tbe  Society. 

SEt'.  3.  Members  shall  be  jwrsoiis  not  Fellows  who  are  engaged  or  luteresteil 
In  mineralogy,  crystallography,  or  allied  sciences. 

iiKC.  -i-  Patrons  sliall  be  i>ersons  who  have  bestowed  important  favors  upon 
the  S4X-iety.  Klcctlon  to  patronship  carries  wltb  It  the  rights  and  privileges 
ut  Members. 

SEt .  5.  Fellows,  Members,  and  I'atroiis  shall  be  entitled  to  vote  In  the  trans- 
a<-tluit  of  the  regular  1iu.'«lness  of  tbe  Society.  Only  Fellows  are  eligible  to 
mBBi*  in  the  Society. 

Sec-  6.  CorrespondentH  shall  be  persons  distinguished  for  their  attainments 
In  niloeraI<«y,  crystaltography,  or  allied  sciences  and  not  resident  In  North 
America- 

I  Aailated  wltb  tbe  Geological  Societf  of  America,  bb  of  Ilecember  1,  ld::o. 
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Abticle  V 


Thin  Couxtitutluu  shull  l»  amended  wbeu  the proposeii  aioeudnieut  Is  favoreil 
b}'  fuur-Sfths  at  all  the  Felluws  vutliiK  upon  It.  A  copy  of  the  proposed  ametiil- 
ueiit  Hhall  l>e  mulled  to  the  geueral  memberxhlp  of  the  Society  at  least  thirty 
days  before  a  vole  is  taken.    Votiiig  xball  be  l>y  mail  ballut. 

BY-LAWS 
I.— Meubebbhip 

Section  1.  EliglbUity.  Atiy  i>ertiou  who  has,  in  the  opinion  of  the  Council, 
contributed  materially  to  the  advanivment  of  mltieralogy,  crystallography,  or 
allied  MCleuces,  shall  be  eligible  to  fellowship  lu  the  SJoclety.  Any  i>erson  or 
corporation  InlercHted  In  miiierulogy,  crystallography,  or  allied  Hclences,  shall 
be  eligible  to  memtiershlp. 

Sec,  2.  Elrction.  la)  Fellowg.  NuminatluDS  for  fellowship  must  be  made 
by  two  Fellows  Hccordlug  to  a  form  to  be  provided  by  the  CflUncit.  One  of 
these  Fellows  must  be  persouully  acquainted  with  tlie  nominee  and  his  quall- 
flcatlone.  The  Council  will  submit  the  nominations  received  by  them,  if  ap- 
proved,  to  a  vole  of  the  Fellows  In  the  manner  provided  In  the  By-Laws.  The 
result  may  be  announced  at  auy  stated  meeting,  after  wbich  notice  sliall  t>e 
sent  to  the  elected,  (b)  Members.  Nominations  for  membership  must  be  made 
on  blanks  provided  by  the  Council,  and  receive  the  endorsement  of  the  Secre- 
tary and  Treasurer  of  tlie  Society. 

Sec.  3.  Termiitaltoii.  Membership  In  the  Society  may  be  terminated  or  the 
names  of  the  members  may  be  iilaced  upon  the  inactive  list  by  vote  of  the 
Council. 

II.— Dies 

Section  1.  No  [lei-siin  shall  be  ui-cc|ited  as  a  Fellow  of  the  Mlneralogical 
Society  of  America  unless  he  pay  the  dues  for  the  year  within  three  months 
after  iiotiHciitlun  of  his  election.  The  annual  dues  for  Fellows  shall  he  five 
dollars  (*5),  payable  iit  or  liefore  the  annual  meetliiK,  in  advance. 

Sec.  '•.  Tlie  annual  dues  for  Members  sliall  be  three  dollars  <^).  No  |>erson 
shall  be  actvptcd  us  a  .Member  unless  he  pay  the  due^  for  the  year  within  three 
months  after  iintlHeiitUin  of  his  election.  The  iinimnl  dues  shall  be  jinyahlc  at 
or  before  tlie  annual  meeting,  in  advance. 

Sk<-.  :i.  All  urreai-nta'  In  [mymenl  of  annual  dues  shall  deprive  a  Fellow  or 
McmbiT  of  the  privilege  of  taking  iiart  lu  the  manaiieineiit  of  the  Soi-lety  and 
of  receiviMK  the  publications  of  the  Society.  .\n  arrearage  eontlimliig  over 
two  t;;i   years  shall  be  i-oiistrued  us  notllicatiou  of  withdrawal. 

Skc.  4.  A  single  jjrcpaynient  of  one  hundred  dollar.s  ($100)  shall  be  accepted 
ns  lomiiiutalion  for  life  for  cither  Fellows  or  Memliers.  In  the  case  of  Fel- 
lows, who  arc  also  Fellows  of  the  Ceolotiical  Soi-lely  of  America,  a  single  pre- 
payment of  Hfly  dollars  (*5iil  shall  be  acTjilcd  as  .-.inimulatlon  tor  lite. 

Skc.  -'i.  .Vny   person  eligible  under  .\rllcle   IV   of  the   I 'oust  1  tut  ion    may   be 
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eleot«d  Patron  upon  the  payment  of  one  thousand  dollars   ($1,000)   to  the 
Swlety. 

III. — DUTiGa  OP  OpncEaa 

Seition  1.  Offoert.  The  duties  of  the  Pretildent,  Vice-President,  Treasurer, 
Secretary,  and  E>lltor  of  the  Society  shall  be  the  ubuuI  ones  peifonued  by  sncb 
offlcent. 

Sec.  2.  Breculivc  Council.  The  Executive  Cuoncll  shall  dtrect  all  afTalrs 
and  activities  of  the  Society  not  otherwise  provided  for  by  the  Constitution, 
as  welt  as  perform  those  duties  speclfleally  assigned  to  tt. 

Sec.  3.  Commitleet.  The  President  shall  appoint,  with  the  approval  of  the 
Council,  such  committees  as  may  further  the  objectti  of  the  Society,  including 
II  Board  of  Associate  Editors.  The  Treasurer,  the  Secretary,  the  Editor,  and 
the  chairmen  of  the  various  committees  shall  malie  formal  reports  to  the 
Society  at  least  once  each  year. 

IV. — Election  of  Officers 

Nominations  for  office  shall  be  made  by  the  Council.  The  list  stiall  be  mailed 
to  the  geuerul  memtiershtp  for  Its  Information  at  least  three  months  before  the 
auiiuul  meeting.  Any  live  Fellows  ur  Members  may  forward  to  the  Secretary 
other  nominations  for  any  or  all  offices.  All  such  nomtuations  reaching  tile 
StH.-retar}'  at  least  forty  dayn  t)efore  the  annual  meeting  shall  be  printed,  to- 
gether wltb  the  names  of  the  nominators  us  special  ballots.  The  regular  and 
r^pedal  ballots  shall  then  l>e  mailed  to  the  general  membership.  The  results 
mIiuII  be  announced  at  the  annual  meeting,  and  the  ofScers  thus  elected  shall 
enter  upon  duty  at  the  adjournment  of  the  meeting. 

V. — Publications 

The  Society  shall  publish  a  Journal  devoted  to  the  advancement  of  miner- 
alogy, crystallography,  and  allied  sciences.  The  general  membership  of  the 
Society  shall  be  entitled  to  receive  the  Journal. 

VI.— AFFII.MTIOS    with    OTKE8    SCIENTIFIC   OrOAMZATIONS 

The  Council  sIibII  have  authority  to  arrange  for  affiliation  with  other  scien- 
tific orgaiilzHtloiis  and,  as  occasion  may  arise,  to  appoint  Fellows  to  represent 
the  Society  on  the  Councils  of  such  organizations.  In  the  case  of  the  Geolog- 
ical Society  of  .America,  the  representative  so  appointed  .■ihall  also  be  a  Fellow 
of  the  <ieologlcal  Society  of  America,  and  shall  ite  recommended  to  the  Council 
of  said  Society  for  confirmation  as  one  of  its  nominees  for  the  Vice- Presidency, 

VlI.^r»CAL  Sections 

T,ocal  sections  of  the  Society  may  be  formed  In  any  locality,  with  the  advice 
and  consent  of  the  Council,  for  the  purpose  of  holding  meetings  and  promoting 
cooperation.    The  affairs  of  such  local  sections  shall  be  entirely  in  Iheir  own 
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VIII. — Meetings 

There  ithall  be  un  annual  meeting  of  tbe  SoL-lety  and  such  otber  meetings  as 
may  be  vall^  by  the  Council.  Tbe  annual  meeting  shall  be  held,  wheuever 
liraL-ticable,  at  the  iiame  time  and  place  as  that  of  th«  GeoiuKlcal  Society  of 
America. 

IX. — Revision  of  thk  By-I^ws 

Afler  recominemlatlon  by  tbe  Council.  By-I^wa  may  be  enacted,  amended, 
ur  MUMpendeil  by  a  twu-thlrdii  vote,  by  ballot,  of  the  general  membersblii  of 
tbe  Society. 
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AnCIKNT    RkFKRKKCKS  to   PKTHOI.KtrM 

The  date  of  the  firnt  use  tif  petroleum  or  its  residua!  products,  pitch 
and  ai*plialtuni,  precedes  authentic  hiatorj.  Probably  the  first  recorded 
utilization  is  that  in  the  11th  chapter  of  Oenesie,  in  which  it  ia  stated 
that  the  soft  or  semi-fluid  bitumen  found  in  the  valley  of  the  Euphrates, 
and  translated  "slime,"  was  used  as  mortar  in  the  building  of  Babylon 
more  then  forty  centuries  ago.    Eratofthenen,  a  celebrated  Grecian  writer 
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who  lived  in  the  third  century  B.  C,  has  deacribed  this  bitumen  frm^M. 
tile  Springs  of  Hit,  on  the  Euphrates,  and  has  also  told  of  its  use  ij 
tile  construction  of  mosaics,  pavements,  etcetera,  in  ti\e  beautiful  pala.c:^:{ 
and  temples  of  ancient  Nineveh  and  Babylon. 

Herodotus,  who  lived  2,400  years  ago,  has  rekted  how  auphaltic:  oil  v^-u^- 
produced  in  his  day  from  a  lake  on  the  island  of  Zante,  in  the  Mediter- 
ranean, off  the  coast  of  Oreeee,  by  swabbing  it  up  with  a  branch    of 
myrtle,  very  much  like  the  early  settlers  of  the  Allegheny  and  Littlt 
Kanawha  valleys  of  Pennsylvania  and  West  Virginia  collected  petroleum 
from  the  surface  of  water  with  wooden  cloths;  so  that  in  the  primitive 
methods  of  procuring  mineral  oil   there   is  apparently   "nothing  ne**' 
under  the  sun."     Aristotle,  who  lived  in  the  fourth  century  B.  C,  ha^ 
described  the  deposits  of  bitumen  in  Albania,  along  the  eastern  shoteJ* 
of  the  Adriatic  t^ea,  while  Pliny  and  Dioscondes,  who  lived  in  the  firsC^ 
century  of  the  Christian  era,  have  given  an  account  of  the  oil  springs  af 
the  island  of  Sicily  and  ttie  use  of  petroleum  in  lamps  under  the  uame  of 
"Sicilian   oil."      Many    ancient   writers   and    travelers,   like    Plutarch, 
Strabo,  Marco  Polo,  and  others,  have  recorded  the  use  of  "rock  oil"  and 
pitch  in  Arabia,  Persia,  India,  and  elsewhere  from  the  earliest  historic 
periods. 

Reliuioits  Cult  founded  on  natural  Gas  Spkinos 

One  of  the  nearly  extinct  religious  cults,  that  of  the  Fire  Worshipers, 
or  Parsees,  was  founded  on  the  mystery  which  the  priesthood  of  that 

religion  threw  around  the  perpetual  tire  maintained  on  the  altars  of 
their  temples  with  natural  gas.  When  your  speaker  visited  Baku,  on 
the  shore  of  the  Caspian  Sea,  in  Itit)?,  he  saw  the  ruins  of  one  of  these 
mystic  shriiK's,  the  last  of  whose  priestK  had  disappeared  only  twenty- 
odd  years  before.  In  dismantling  the  altar  of  this  ancient  structure, 
it  was  discovered  that  it  hail  been  built  over  a  fissure  in  the  earth  from 
which  iiiiUinil  gas  issued,  and  that  a  siHTct  pipe  conducted  the  gas  from 
the  lissTirc  to  the  altar,  wliere  its  lambent  Hanies  had  inspired  the  Fire 
Worslii])ers  with  a  belief  in  the  supennilura!  powers  of  the  priests  of 
Zc)roaster.  It  is  possible  that  similar  tricks  of  deception  have  imposed 
nji  the  credulity  of  mankind  during  the  childhood  of  the  race  in  the 
establishnicnt  of  other  primitive  religious  beliefs. 

AnTIIJUITV   (IF  I'WK    1\    CmXA   AND  Japax 

III  Chiiiii,  wliiise  livili/.iition  has  remained  practically  unchanged  for 
so  many  centuries,  crude  methods  of  using  natural  gas  were  practiced 
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more  than  two  thousand  years  ago,  while  the  Japane^  have  also  col- 
lected and  utilized  mineral  oil  for  many  hundreds  of  years. 

Hence  we  find  that  the  oil  and  gas  seepages  welling  up  through  fissures 
in  the  earth's  stratified  crust  were  both  observed  and  used  by  primitive 
peoples  of  most  every  country. 

EARLiiifiT  American  Accounts  of  Petkoleum  and  natural  Gas 

The  earliest  written  accounts  of  the  otcurrence  of  petroleum  in 
America  is  apparently  tliat  of  a  Jesuit  missionary,  who  came  from 
('Hnada  into  Xew  York  in  1629  and  wrote  a  letter  concerning  it,  which 
was  published  in  Sagard's  "History  of  Canada"  in  1632. 

The  petroleum  seepages  on  Oil  Creek,  Pennsylvania,  and  on  Hughes 
and  Little  Kanawha  rivers,  in  what  is  now  West  Virginia,  were  doubt- 
less known  and  usecl  by  the  Indians  long  before  white  men  visited  the 
regions  or  Columbus  landed  in  America.  The  earliest  published  account 
of  the  oil  springs  near  Titusville,  Pennsylvania,  appears  to  be  that  of  a 
Swedish  traveler,  one  Peter  Kalm,  about  1150,  while  those  of  Wirt  and 
flitrhie  counties  of  West  Virginia,  as  well  as  of  similar  seepages  on  the 
Big  and  Little  Muskingum  rivers  of  Ohio,  were  first  described  by 
Dr.  S.  P.  Hildreth,  of  Marietta,  Ohio,  in  an  article  published  in  'The 
American  Journal  of  Science  and  Arts,"  New  Haven,  Connecticut,  foi 
February,  1836.  In  speaking  of  the  flows  of  petroleum  from  the  sail 
veils  of  the  Little  Muskingum,  which  interfered  seriously  with  sail 
production,  he  says:  "Petroleum  affords  considerable  profit  and  is  be- 
ginning to  be  in  demand  for  lamps  in  workshops  and  manufactories. 
It  affords  a  clear,  brisk  light  when  burnt  this  way,  and  will  he  a  valuable 
article  for  lighting  the  street  lamps  in  the  future  cities  of  Ohio." 

PkNNSVLVANIA    OmniNATED    PETROLRI'M    InDITSTBV 

Pennsylvania  is  generally  given  the  credit  for  originating  the 
petroleum  industry,  because  it  was  on  the  Watson  flats,  near  Titusville, 
that  the  first  well  was  purposely  drilled  for  petroleum,  although,  in 
drilling  for  brines,  casing,  jars,  and  drilling  tools  generally  had  all  been 
invented  by  citizens  of  what  is  now  West  A'irginia,  a  half  century  before 
Colonel  Drake  completed  the  historic  well  on  the  banks  of  Oil  Creek. 

West  Viroinia  piust  in  utilizing  natural  Gas 

In  discovering  and  utilizing  natural  gas,  West  Virginia  clearly  has 
precedence  over  Pennsylvania,  for  probably  the  first  recorded  reference 
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to  this  valuable  fluid  in  the  UDited  States  was  made  ae  early  as  1775  ^^ 
General   Washington,   who  preempted   the  land   around   the   "burni^^:, 
spring,"  nine  miles  above  Charleston,  in  the  Great  Kanawha  Vall^^^ 
which  he  deecribed  as  "A  bituminous  spring  of  so  inflammable  a  nature      g, 
to  burst  forth"  (take  fire)  "as  freely  as  spirits  and  is  nearly  as  diffic-»jl( 
to  extinguish."     It  is  also  well  known  that  the  first  use  of  natural  ^ras 
for  manufacturing  purposes  in  America  was  by  Mr.  William  Tompk  i  ns 
in  the  same  Kanawha  VaDcy,  who  in  1841  struck  a  large  Sow  of  ^as 
in   boring   a   salt   well   only   a   few   hundred    feet   distant    from    tlic 
"burning   spring"   that  Washington   had   noted   66   years   before  and, 
piping  the  gas  to  his  salt  works,  used  it  instead  of  coal  in  boiling  down 
the  brines,  displacing  several   hmidred   bushels  of  coal  daily.     Thet^e 
early  utilizations  of  petroleum  and  natural  gas  in  America  and  maay 
other  countries  of  the  world,  however,  were  all  meager,  sporadic,  an«i 
of  no  general  economic  importance. 

Colonel  Drake's  Well  the  heal  beginnino  of  the  pETBOLEUfc*^ 
Industry 

In  spite  of  the  fact  that  these  valuable  hydrocarbons  had  been  knowi^^ 
to  the  human  race  for  more  than  twenty-five  centuries,  it  remained  for 
an  American,  Col.  E.  L.  Drake,  of  the  Seneca  Oil  Company,  to  become 
the  real  founder  of  the  petroleum  industry,  when,  on  August  28,  1859, 
only  61  years  ago,  he  completed  the  famous  well  on  Oil  Creek,  near 
Tifusville,  Venango  County,  Pennsylvania.  This  notable  event  in 
petroleum  hislorv,  occurring  at  a  time  when  "rock  oil"  was  selling  for 
$25  to  $30  per  barrel,  soon  led  to  a  drilling  campaign  of  wide  estent, 
spreading  to  Ohio,  West  Virginia,  and  Canada  in  I860,  and  to  Russia 
in  lftfi3,  where  hand  digging  of  wells  was  carried  on  until  seven  years 
later,  when  it  was  supplanted  by  the  drill,  the  production  of  Russia  then 
rising  from  37,400  barrels  in  1863  to  203,000  in  1869. 

.MoDEItX     lll.STOKY    OF    1'BTROLEITM    AND    NATURAL    GaS    DIVISIBLE    INTO 
THBEE    PRINCIPAL    EPOCHS 

The  historical  development  of  petroleum  and  natural  gas  since  1862 
is  naliirally  divisible  into  three  periods  of  approximately  twenty  years 

each,  clinracterized  by  different  phases  of  progress. 

Characteristics  of   first  Epoch 

The  twenty  years  of  petroleum  and  natural  gas  history  from  1862  to 
1S83  might  be  termed  the  opwh  of  mechanical  invention  in  the  pro- 


t.yGoo'^lc 


CHARACTERISTICS   OF   FIRST   EPOCH  175 

(luction  and  trani<portatioD  of  petroleum.  It  was  during  this  period  that 
methods  for  deep  drilling  were  perfected,  and  the  fields  of  Pennsylvania 
especially  were  exploited  and  further  developed,  the  ext«n8ions  into  Ohio 
an<]  West  Virginia  not  spreading  far  from  the  original  developments. 
Transportation  of  oil  through  pipe  lines  and  tank  cars  was  introduced 
during  this  epoch,  and  refining  methods  were  also  extended  and  im- 
proved, while  very  large  gas  wells  were  incidentally  discovered  in  drilling 
for  petroleum. 

It  was  near  the  close  of  this  period  (1883)  that  the  Standard  Oil 
Trust  was  formed,  and  it  became  the  chief  agent  in  promoting  a  world- 
wide market  for  American  petroleum  and  its  many  refinery  products. 

CUABACTBRISTICS   OF  THE  SECOND   El'OCH 

The  next  20-jear  epoch  of  petroleum  and"  natural  gas  history,  be-' 
poniog  with  1883,  was  noteworthy  in  many  respectn.  It  marked  the 
rise  of  the  natural  gas  induRtry  nnd  the  general  introduction  of  gaseous 
fuel  into  domestic  use  throughout  the  petroleum  fields,  as  well  as  ita 
greatly  extended  use  in  the  manufacturing  industry.  It  was  in  1883 
that  Spang,  Chalfant  &  Company  and  Graff,  Bennett  &  Company  laid 
a  six-inch  pipe  line  from  their  iron  works  on  the  Allegheny  River  to  a 
large  gas  well  in  Butler  County,  Pennsylvania,  and,  turning  the  same 
into  the  line,  found  that  the  rock  pressure  of  the  gas  was  able  to  force 
a  Urge  supply  through  to  their  factories,  sufficient  to  take  care  of  all 
their  fuel  needs  in  the  smelting  of  billets  and  the  manufacture  of  iron 
into  the  many  forms  of  finished  product.  This  successful  experiment 
!□  the  long-distance  transportation  of  natural  gas  through  its  own 
expansive  power  rapidly  led  to  a  vast  extension  of  pipe  lines,  and  the 
natural  gas  industry  had  its  birth. 

It  was  the  desire  of  capital  to  ent«r  this  field  in  an  intelligent  manner 
that  led  one  great  oil  corporation  (the  Forest  Oil  Company,  a  aub- 
sidiary  of  the  Standard  Oil  Company  of  New  Jersey)  to  seek  the  advice 
of  your  speaker,  who,  as  the  result  of  his  field-work,  discovered  anew 
the  neglected  and  forgotten  "Anticlinal  Theory"  of  Hunt,  Andrews, 
and  Hoeffer,  which  he  vitalized  and  regenerated  for  all  time.  Before 
this  rediscovery,  in  June,  1882,  and  its  later  publication  in  "Science," 
the  finding  of  new  oil  and  gas  pools  in  the  United  States  beyond  the 
boundaries  of  Pennsylvania,  southern  New  York,  southeastern  Ohio,  and 
the  Volcano  arch  of  West  Virginia  had  made  practically  no  progresa. 

Many  wells,  it  is  true,  had  been  drilled  in  other  States,  but  nothing 
of  importance  had  resulted   therefrom,  since  there  was  no  consistent 
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theory  to  guide  the  drill  in  ite  search  for  the  hidden  treafiures  of  oil 
and  gas.  Indeed,  to  such  a  low  estate  had  the  efforts  of  geologisU 
fallen  in  their  attempts  to  aid  the  drill  in  discovering  petroleum  and 
natural  gas  previous  to  the  publication  of  the  "Anticlinal  Theory"'  k 
your  speaker,  in  the  issue  of  "Science"  for  June  36,  1885,  and  his 
successful  demonstration  of  its  great  value  in  locating  pools  of  oil  and 
gas,  that  one  prominent  oil  operator,  disgusted  at  frequent  failures  of 
geologists  to  locate  productive  oil  pools  for  him,  was  heard  to  remark, 
that  if  he  desired  to  be  absolutely  sure  of  getting  a  dry  hole  he  would 
employ  a  geologist  to  make  the  location.  But  with  the  new  announce- 
ment of  the  "Anticlinal"  or  structural  theory  as  a  guide,  the  develop- 
ment of  oil  and  gas  spread  across  West  Virginia  into  Kentucky,  aad 
passed  from  Ohio  into  Indiana  on  its  westward  march  to  Kansas,  Texa^, 
and  Louisiana,  finally  reaching  California  and  Mexico  before  the  close 
of  this  second  20-year  epoch,  in  1902, 

CHARACTRRISTICa  OF  THE  THIRD  EPOCH 

The  third  SO-year  epoch  of  petroleum  ftnd  natural  gas  history  i^ 
nearing  its  close.  It  has  been  characterized,  specially  by  the  large  pro- 
duction and  utilization  of  gasoline,  brought  about  principally  through 
the  invention  of  the  internal  combustion  engine  and  the  genera)  intro- 
duction of  liquid  fuel  where  available  for  locomotive,  steamship,  and 
other  industrial  purposes,  the  Diesel  engine  having  done  for  hea\,v 
liquid  fuels  what  the  general  internal  combustion  engine  has  done  for 
gasoline.  The  automobile  and  the  aeroplane  are  only  two  of  the  inven- 
tions made  practical  through  gasoline  and  the  internal  combustion 
engine.  In  the  meantime  the  structural  theory  of  oil  occurrence  has  leti 
to  8  world-wide  development  of  oil  fields.  It  has  added  Kansas,  Okla- 
homa, Wyoming,  Montana,  Texas,  Ijouisiana,  California,  Cuba,  Haiti, 
Colombia,  Venezuela,  fluiana,  Trinidad,  Uarbados,  Equador,  Peru, 
Argentina,  and  other  regions  of  the  new  world,  while  Rumania,  Galicia, 
Italy,  Persia,  British  India,  Egypt,  Dutch  East  Indies,  Japan,  Formojia, 
and  many  other  countries  of  the  old  world  have  yielded  rich  supplies  of 
oil,  the  latest  reports  being  that  the  domes  and  anticlinals  of  Australia  ■ 
as  well  as  of  the  Arctic  regions  of  America  are  proving  rich  in  oil  aud 
gas.  Who  is  there  that  can  doubt  that  Africa  (outside  of  Egypt),  with 
its  unexplored  and  unknown  mineral  wealth,  will  yet  yield  larp 
quantities  of  petroleum  and  natural  gas  when  its  sedimentary  terrane^ 
are  intelligently  explored. 
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Criticisms  of  thr  "Axtict-inal  Theory" 

In  this  connection  it  will  not  be  irrelevant  to  speak  of  some  criticisms 
of  the  "Anticlinal"  or  structural  theory  of  oil  and  gas  accumulation 
into  pools  of  commercial  value.  Your  Bpeaker  has  always  attributed 
the  chief  and  controlling  factor  of  oil  and  gas  accumulation  to  the 
action  of  gravity.  For  several  years  many  able  geologista  have  endeavored 
to  prove  that  some  other  force,  like  capillarity,  for  instance,  has  been 
prepotent  in  the  accumulation  of  oil  and  gas,  and  that  gravity  operatini? 
through  structure  has  had  little  or  nothing  to  do  with  the  matter.  It 
has  always  been  observed,  however,  that  when  these  critics  of  the  "Anti- 
clinal Theory"  go  into  the  field  to  search  out  possible  oil  and  gas  territory 
upon  which  they  would  advise  their  clients  to  s]>end  money  in  a  poarch  for 
(hese  fugitive  minerals,  they  invariably  select  the  most  prominent  anti- 
ctinals  and  domes  they  can  find  within  the  regions  considered  worthy 
of  exploration. 

In  the  Journal  of  Geology,  vofume  27,  1919,  P»ges  S52-262,  Mr.  A.  W. 
McCoy,  under  the  title  of  "Notes  on  principles  of  oil  accumulation," 
attempts  to  show  from  small  laboratory  experiments  that  the  main 
potent  factors  operating  to  accumulate  oil  and  gas  into  pools  of  com- 
mercial value  are  those  due  to  capillary  forces,  and  that  the  sole  effect 
of  "anticlinal  structure"  on  such  accumulation  is  the  development  of 
faults,  fractures,  or  minute  fissures  parallel  to  the  anticlinals,  through 
which  alone  oil  and  gas  can  pass  to  higher  levels,  thus  relegating  gravity 
of  the  buoyancy  of  oil  and  gas  to  the  scrap-heap  of  e-tploded  theories,  so 
far  as  playing  any  elTective  part  in  the  accumulation  of  oil  and  gas 
pools  is  concerned. 

However,  some  inquiring  minds  were  not  satisfied  with  the  character 
of  Mr.  McCoy's  experiments  and  regarded  them  as  inconclusive.  Among 
this  number  was  Mr.  R.  Van  A.  Mills,  of  the  U.  S.  Bureau  of  Mines, 
that  great  government  institution  which,  along  with  the  U.  S.  Geo- 
logical Survey,  has  done  so  much  for  the  oil  and  gas  industry,  and  to 
the  successful  founding  of  which  a  distinguished  Fellow  of  this  Society, 
the  late  Dr.  Joseph  A.  Holmes,  yielded  up  his  useful  life,  quite  as  great 
a  hero  as  any  who  fell  on  "Flanders  Fields."  Mr.  Mills  has  given  in 
Kcooomic  Geology,  volume  W,  number  5,  July-August,  \9ii),  pages 
398  to  421,  under  the  title  of  "Experimental  studies  of  subsurface 
relationships  in  oil  and  gas  fields,"  a  preliminary  announcement  of  the 
results  of  his  elaborate  experiments,  with  adequate  equipment  and 
simulating  as  closely  as  possible  the  subsurface  conditions  to  be  found 
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in  every  oil  and  gas  field.  By  means  of  these  experiments  he  not  only 
demonstrated  the  overwhelming  preponderance  of  gravity  as  the  prin- 
cipal factor  in  oil  and  gas  accumulation,  but  proved  the  minor  part 
played  by  capillarity.  The  "Antit^linal,"  or  gravitational,  theory  for 
oil  and  gas  segregation  into  valnable  pools  having  always  been  insisted 
on  by  your  speaker  as  the  main  and  controlling  factor,  it  is  with  con- 
siderable satisfaction  that,  after  many  assaults  by  able  but  mistaken 
geologists,  the  buoyancy  theory  has  been  so  signally  sustained  through 
these  exhaustive  and  demonstrative  experiments  of  Mr.  Mills,  whose 
results  are  briefly  set  forth  in  his  concluding  summary  as  follows: 

SuMMAiiY  OF  H.  Van  A.  Mills'  Results 

"To  enumerate  the  varlouu  relatloasblps  iDdloated  by  the  iiiv^tlgatlouN 
herein  deBcrlbed  wouhl  require  a  longer  paper  than  Is  aiMiroprtate  at  thiw 
time.  Consequentl.v.  in  addition  to  tlic  conclusions  from  the  experiments,  the 
present  contribution  In  summarlxeil  by  a  statement  of  a  few  of  the  broad  facts 
and  relationships  tliat  have  been  established. 

"i'>ne  of  the  most  Important  thluga  to  l»e  realized  1h  that  all  of  the  pbenomens 
obNerved  In  the  laboratory,  as  well  as  In  the  field,  are  brought  atMul  throuiA 
the  influence  of  various  factors  with  different  effects.  In  other  words,  we  are 
obliged  to  deal  with  the  summation  of  the  effects  of  many  factors,  not  with 
the  effect  of  auy  single  factor.  The  values  of  the  different  factors  that 
influence  the  migration,  accumulation,  mode  of  occurrence,  and  the  recovery  of 
oil  and  KBN  are  estremety  variable  and  are  relative  one  to  another.  Different 
factors  have  predominating  Influences  accordln);  to  the  different  »et.<  of  limit- 
Inn  conditions  Into  which  enter,  collectively,  the  porosities,  nneness  of  i>ores. 
textural  variations,  and  degrees  of  dip  of  the  sands,  the  qualities  of  the  fliildt:. 
more  esiiecially  the  vlM-<wltles  of  the  oils,  the  degrees  of  saturation  of  the 
strata  by  water  and  oil.  the  tenijieratnres.  pressures,  ami  many  other  con- 
ditions. Thus.  It  i.s  rei'Ugnlzeil  that  there  Is  n  wide  range  of  variation  In  (he 
natun>  and  extent  of  Induccil  movements,  especially  the  differential  movements 
of  Kaiies,  oils,  and  waters  hi«i«  which  recovery,  together  with  the  effects  of 
water  uimn  recovery,  very  largely  depend.  It  is  further  recognlenl  that  gas 
ml\c<l  Willi  oil  rac'llltatcs  lateral  as  well  as  vertical  migrations  of  oil  in  water- 
lii>Mi-lng  strstii.  .\Kuiii.  It  Is  re<i>gnized  that  there  may  lie  a  limit  to  the  flne- 
ncss  i.r  wjitiT-tillnl  Interstices  lie.vond  which  vlsi-ous  oils  do  not  upiiear  to 
mijiriitc  ■tfriivltullonall}'  un<ler  ordinary  nmdltloiis.  It  Is  further  reci^nlBed 
tliiil  In  a  me<llum-gra<iied.  water-sBturnteil  sinid  a  single  globule  of  oil  falls  to 
migriire  ■gravlliitlminlly.'  but  ns  more  gluliules  of  oil  are  added  to  It.  there  is 
formed  iin  aggregiitloii  of  globules  whose  ciimiiltitivc  buoyancy  Is  sutHclent  to 
'ivcR'nmp  the  resNIanc-e  to  iipwani  migration.  Such  relationships  are  Im- 
|iortiin(  In  the  coiislilcrnthm  of  up-illp  migrntlons.  We  must  keep  constantly 
in  niinrl  tlic  critical  cotulltUms  up  to  which  certain  phenomena  hold  true,  but 
iM-yonil  which  there  are  alisolnlely  different  phenomena. 

■Tlie  field  imd  hilionitory  investlgiitlons  thai  the  writer  has  so  far  made 
Indli'atc  that  under  ordinary  flelil  conditions  the  up-dlp  migration  of  oil  and 
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(fflK  noder  the  propulsive  force  of  tbelr  buoyancy  in  water,  as  well  an  the 
mieratloa  of  oil,  either  ui>-  or  dowa-dt|>,  cauM>(l  by  liydraultc  purreuts  are 
amoDic  the  piimary  factors  Influencing  both  the  accumulation  and  the  recover^' 
nt  oil  and  gaa. 

"The  terms  'up-dlp  mljcratlon'  and  'down-dip  migration,'  as  used  in  thin 
l>a|)er.  apply  to  migrations  that  are  to  accordance  with  the  configuration  of 
tlip  tops  of  the  sands,  regardlewt  of  actuitl  structures.  It  must  he  reuiembere<l 
tliat  there  are  many  subsurface  conditions,  such  as  the  domi^llke  tojM  of  lenses. 
Irreeularitles  in  the  tops  of  Hands,  and  Irregular  textural  barriers,  wbich  bear 
nn  ciinKlatent  relations  to  structure,  but  whose  Influence  upon  oil  and  gas  ac- 
nunnlallon  are  analogous  to  tbost'  of  true  anticlines  and  domes.  The  writer's 
rpiDHrbK  apply  to  these  conditions  wblch  he  terms  structural  analogies. 

"In  concluding  tbls  paper,  the  writer  calls  attention  to  the  views  recently 
M't  forth  in  the  literature,!  thut  the  migration  and  accumulation  of  oil  In 
water-sat  urn  ted  strata  are  caused  mainly  by  capillary  forcei!:  t'lat  o'l  does 
not  migrate  up  the  dip.  due  to  the  ditfereuce  In  sj>pciflc  gravity  between  oil 
Hnil  water,  and  that  oH  Is  not  proi»elled  through  sand  by  hydraulic  currents. 
It  Is  further  maintained  that  oil  has  heen  forced  out  of  the  fine  bituminous 
shales  adjacent  to  the  reservoir  rocbs  hy  the  captllsry  action  of  water,  and 
Itiat  no  wide  lateral  movements  of  oil  have  sul>se(jueutly  taken  place. 

"Tfce  writer  can  not  accept  tli.sc  views  as  generalizations.  They  may 
ap|>eir  to  hold  true  under  exceptional  conditions,  as  In  small-scale  laboratory 
pxperlmeuts,  where  the  conditions  of  experimentation  are  esi)eclally  favorable 
to  tbe  hypotheses,  but  they  do  nut  generally  hold  true,  cither  In  the  laboratory 
<ir  iu  the  field.  Capillary  adjustmeutx  between  nil  and  water  In  saturated 
strata  ore  restricted  within  short  lateral  ranges,  amountlug  to  only  a  few 
ti'iitlmetei's  in  the  writer's  experiments.  The  principal  rftle  of  capillary.  In 
^torated  strata,  Is  to  retard  rather  than  to  promote  fiuld  movements." 

This  thorough  and  careful  investigation  and  experimental  proof  of 
the  preponderance  of  gravity  in  oil  and  gas  accuniulation,  as  well  as 
the  demonstration  of  the  very  small  effect  of  the  capillarity  factor, 
tihould  diepoee  once  for  all  of  the  claims  that  capillarity  has  played  the 
principal  role  in  the  movement  of  oil  and  ges  into  pools  of  commercial 
value. 

Value  of  Petholeum  for  maritime  Fcel 

It  was  during  the  present  20-year  epoch  that  the  maritime  nations  of 
the  world  have  realized  the  great  value  of  liquid  fuel,  not  only  in  the 
arts  of  peace,  but  also  in  {he  arts  of  war.  Some  one  has  well  said  that 
Haring  the  late  World  War  "The  navies  of  the  allies  floated  to  victory 
on  a  sea  of  oil,"     The  lessons  of  the  war  with  respect  to  the  use  of 

•a.  W.  UcCoj  :  "NotpB  on  prlnclplM  at  oil  atcumulatlonii."  Jour,  of  <JeoloB)-,  vol.  27. 
mm.  pp.  ZS2-26Z. 

n*.  F.  Joatt:  "TbF  relation  ol  oil  pools  to  aoclenl  nhorpllnni."  Economic  Gmlogy. 
rnl.  IS.  1820,  pp.  81-87. 
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liquid  fuel  in  naval  warfare  were  so  impressive  to  Great  Britain  and 
France  that  they  did  not  even  await  the  termination  of  that  titanic 
struggle  before  sending  their  shrewdest  representativee  in  Btatecraft 
to  Peraia  to  secure  the  Anglo-Persian  treaty  excluding  all  but  their  o«ti 
nationals  from  any  participation  in  the  development  and  exploitation 
of  these  potentially  great  oil  fields.  Dr.  George  Otis  Smith,  the  dis- 
tinguished Director  of  the  U.  S.  Geological  Survey,  and  his  able  Chi^f 
Geologist,  Dr.  David  White,  have  sounded  a  note  of  alarm  which  has 
finally  induced  our  State  Department  to  protest  these  exclusive  treatiei^. 
This  protest  should  have  been  made  long  ago,  before  the  close  of  the 
war,  when  our  wishes  would  have  met  with  instant  attention.  It  is  to 
be  hoped  that  the  new  administration  that  the  people  have  so  unaDi- 
mouely  called  to  the  helm  of  state  after  March  i  next  will  see  to  it  that 
the  control  of  this  great  industry  founded  by  American  genius  and 
initiative,  which  gave  to  all  the  people  of  the  earth  a  cheaper  and  better 
light,  whose  radiant  beams  have  illuminated  everj-  household  of  the 
world,  shall  not  pass  to  other  hands  except  through  fair  and  legitimale 
competition,  and  that  a  treaty  concluded  with  Persia  while  America 
was  putting  all  of  her  resources  at  the  command  of  Great  Britain  to 
save  both  Britain  and  Frajice,  as  well  as  civilization,  from  destructinii 
shall  not  be  permitted  to  shut  out  our  nationals  from  any  share  in  the 
development  of  these  rich  foreign  fields,  while  we  at  the  same  time 
permit  the  English,  the  French,  and  the  Dutch  to  own  and  operate  anv 
of  our  lands  for  oil  and  gas  in  every  portion  of  the  United  States,  and 
of  which  liberal  treatment  all  these  nations  are  taking  great  advantjige. 

Peak  of  Productiok  beached 

It  is  altogether  probable  that  the  peak  of  oil  production  in  the  United 
States  has  either  been  attained  during  the  present  year  or  will  be  reacbfil 
in  1921.  The  peak  of  natural  gas  production  was  passed  in  1917  and 
is  rapidly  declining  on  its  long  downward  path  to  inevitable  extinction. 
In  spite  of  the  vast  waste  accompanying  its  introduction,  it  has  acconi- 
phshed  a  useful  purpose  in  educating  many  millions  of  people  to  ttif 
cleanliness  and  convenience  of  gaseous  fuel.  Hence,  when  natural  gas  i? 
no  longer  available,  its  place  will  be  largely  supplied  by  mauufactureil 
gas  derived  partially  from  by-pro<luct  coke  ovens,  the  gas  from  whieli 
source  was  formerly  consumed  in  the  wasteful  beehive  oven  pro<'es?  nf 
making  coke,  along  with  other  products  of  immense  value  that  are  niA 
being  recovered  and  utilized. 
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Exhaustion  of  Petroleum 

However,  all  agree  that,  with  the  vast  increase  in  the  use  of  liquid 
fuel  through  the  automobile,  the  aeroplane,  the  truck,  the  farm  tractor, 
the  locomotive,  and  the  ship,  even  the  present  enormous  supplies  of 
IK'truleum  will  soon  fail  to  meet  thi:  ever- increasing  demand  for  this 
c-oiiveuient  form  of  power.  Whither  shall  our  nation  turn  for  a  sub- 
stitute? Fortunately  dame  Nature  has  been  extremely  provident  to  the 
United  States.  In  addition  to  giving  her  very  large  and  rich  oil  and 
ga8  fields,  she  has  endowed  her  witli  approximately  one-half  of  the  coal 
su])|)ly  of  the  world,  as  also  with  enormous  quantities  of  bituminous 
shales,  out  of  which  both  gaseous  and  liquid  fuels  can  he  extracted  in 
much  greater  volume  than  those  yielded  to  the  drill  from  old  mother 
Earth.  The  mountains  of  oil  shale  in  Colorado,  Wyoming,  and  Utah, 
together  with  the  coal  beils  and  bituminous  shalei^  of  nearly  every  State 
in  the  Union,  stand  ready  to  yield  up  their  content  of  oil  and  gas 
through  intelligent  chemical  and  metallurgical  treatment  when  the 
natural  sources  no  longer  furnish  an  adequate  supply  of  these  convenient 
(oil  and  gas)  hydrocarbons.  Therefore,  with  the  fall  of  our  mountain 
streams  and  cataracts  utiliiied  in  electric  current  for  transporting  our 
railway  trains  over  and  under  our  hills  and  mountains,  as  also  for  many 
other  uses  of  light,  heat,  and  power,  in  order  to  husband  our  vast  carbon 
resources,  Americans  can  face  the  future  with  every  assurance  that  their 
lieritage  of  fuels  and  water-jwwer,  if  intelligently  utilized  and  eon- 
wrved,  will  he  sufficient  to  supply  all  of  the  necessities  of  civilization  to 
a  far  distant  future.  There  has  been  a  fear  that  with  the  disappearance 
of  our  petroleum  no  practical  substitute  for  gasoline  could  be  found. 
Such  fears  overlook  the  fact  that  from  every  ton  of  bituminous  coal 
two  and  one-half  to  three  gallons  of  benzol  can  be  extracted  in  the  by- 
product c-oking  process,  an  even  more  efficient  motor  fuel  for  automo- 
miles,  tractors,  aeroplanes,  etcetera,  than  gasoline,  while  by  the  carho- 
eoal"'  process  recently  put  into  successful  operation  at  Irvington,  Xew 

'DBSCRIPTIOn  OF  CARBOCOAL  PROCESS 
Tbe  cirbocod  procpuB  IdcIiidi'S  Ihree  dlstlDCt  Btagea : 

2.  Briquet  ting. 

3.  Secondary  dEiitnUtJail. 

Id  tbF  proceu  lb?  L)y-pradui;tB  »n  Ttcovtrti  trom  the  gai  of  both  dlatlUillonfi. 

Prlmarv  dtUIUallon.—Tbf  Inlllal  slcp  In  tbe  carbocoii]  procexs  1b  a  conllauouB  low 
trmperaturc  diitlUatlon.  Th«  coal  to  tv  cirboolied  Ib  firBt  Krouid  to  one-tourth  at  an 
Ineli  or  imaUer  >ad  tben  delliercd  to  the  primary  retort*,  wbere  It  la  discllled  at  ■  rela- 
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Jersev,  on  a  small  scale  and  at  South  C'linehfield,  Virgiiiw,  on  &  large 
scale,  by  the  International  Coal  Producta  Corporation,  not  only  is  a 
substitute  for  aiitbraeite  produced  from  bituminous  coal,  as  briquets,  but 
from  each  ton  thereof  AO  gallons  of  tarry  and  oily  residues  are  derived, 
from  which  15  to  20  gallops  of  marketable  oils  can  be  obtained,  all  of 
which  are  available  for  liquid  fuel,  and  also  two  to  three  gallons  uf  light 
oil  that  can  be  strippeil  from  the  resulting  gases  before  the  latter  are 
UMed  as  a  source  of  heat  in  the  manufacture  of  the  earbocoal  briquets. 
Hence,  while  the  increasing  use  of  liquid  fuels  may  outstrip  the  produc- 
tion of  petroleum  in  the  near  future,  yet  with  the  vast  reserve  that  must 
exist  in  the  unexplored  and  undeveloped  regions  of  the  earth   and  the 

lively  low  Innperalurr.  8.10'  lo  lli)0°  KahrvahHI.  Ihr  TOtatUe  cupt^nt  of  the  coal  l>etD( 
rvdUL-tKl  ti>  aiiproilmiiti'l}'  H  (ht  ivDt.  Tlip  ri-Huti  uf  IhlB  prlmar)-  illilUladuii  Is  ■  larfc 
yipid  of  lar.  gax  at  a  lilxh  tbfriiial   valui'.  aud  a   |iroduct   rich  In  orbon.  callrd  "iwail- 

Tbr  (harat-lprlittir  r»tun'  of  (Up  iirlniary  dlHtlllallun  la  thai  11  la  coDtluuoua.  aod  that 
tlie  cual  Ih  coDHianM]'  aKltalrd  and  mlird  during  th»  «Dllrc  operalloD.  Thin  la  accotn- 
■illahed  by  a  twin  iwt  uf  poddlea,  rach  revulvloK  alawly.  In  oppoanc  dlrrctlooa.  aod  » 
pllchcd  aa  lo  ndvaDcr  thr  cbar^  Ihrough  ihp  rvtort.  Uy  tbla  meana  all  pordona  of  Ibc 
charge  art-  nnlformly  dlallll«l.  and  by  coDlrollliiK  the  apenl  at  which  (he  charge  mavn 
through  the  retori  the  dlstlUatlon  may  be  carried  to  any  dealred  atage.  Dup  to  tb«  lov 
temperature  of  dladUatlon  and  lu  the  partial  t-arliunliallOD  In  the  primary  oveDs.  the 
bnrd  metaUlc  cellx  cbaracterlstlc  of  ooke  are  avoided.  Tbe  period  of  thla  dlaUltalton  la 
from  tiro  lo  Ihree  houra.'  and  each  retort  baa  a  carbonliltig  capacity  of  -H  looa  or  more 
of  raw  coal  per  day. 

BrlqneHlK0. — The  neml-carburoal.  after  being  dlncharged  Ihrough  tbe  primary  retort. 
lit  ground  and  mixed  wllh  a  certain  proportlun  of  pilch,  uhtalneO  from  the  tiir  recovered 

:iei»u(liitg  ilMllliiHiM, — The  lirlipietK  coming  from  the  brlqueltlng  plant,  which  are 
tei'mi^d  "raw  brlqupta."  are  delivered  tu  the  aecondary  relorta.  wbere  they  are  aiihjected 
to  an  additional  dlHIIllallou  at  a  blgher  temperature,  approilmately  l.SIK)'  Fahreohelt, 
renulIlUK  In  tbe  prodiifllon  uf  "earbocoal,"  tbe  m'ovrry  of  addllloua]  tar  and  gas. 
Kulnlanllal  yield  of  ammonium  aulpbate. 

In  tbe  xn'ondiiry  ill  ml  nation,  plicb  aa  a  aeparale  Incredlenl  o(  the  ran-  lirlquet  dlsap- 
pears.     There  !»  n  uiarlteci  shrlnliane  In  tbe  volume  u(  the  briquet,  with  a  correapobdlDi 
liii-rease  In  dennity,  Imi  no  dlmortl.in  of  lla  shape.     This  dUllllatlon   requlrea  about 
liHiiiB  aud  l«  |>i»rfc>rme.l  In  an  Incline  n-tort,  uBlng  gravity  charge  and  discharge.      1 
cHi.iiclly  of  Ibese  n'toriK  Ik  «L>prc.ilmal..|y  mi  tons  of  raw  lirlqueta  per  day. 

The  "earlMH'oal,"  which  In  the  nnal  pntdnct.  representu  approilmately  70  per  cent 
llie  wi-lght  of  III.'  paw  .-..III,  (he  exact  i^rcenlage  dejM-ndlng  un  Ihe  volatile  content 
the  ciuil. 

The  pr..ceKK  Ih  »elfs'onln.lned    -lliai   l».  It  pr.i.lii,«  sufflclent  gas  and  in  moal  caaen 


and  ('llnchHeld  coals  conlalulng  ap- 
■d  hy  numerauB  teala  at  other  coila 
e  following  average  yielda  from  one 
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enormous  amount  of  potential  oils  that  are  locked  up  in  our  coals  and 
bituminous  shales,  to  be  released  at  the  bidding  of  our  chemical  engi- 
neers, there  would  appear  to  be  no  cause  for  immediate  alarm  over  any 
possible  shortage  of  oils  or  motor  spirits  in  the  near  future. 

Obigin  of  Petboleum 

\^'ith  reference  to  the  origin  of  petroleum  and  natural  gas,  geologists 
appear  to  be  generally  agreed  that  their  source  must  be  found  in  organic 
life,  either  directly  or  indirectly.  The  fact  that  no  commercial  accumu- 
lations of  eitlier  are  found  outside  of  marine  beds,  except  where  these 
attumulations  have  clearly  come  up  from  marine  beds  below,  would 
point  to  the  sea  as  the  ultimate  source  of  the  organisms  or  raw  material 
fruni  which  these  liydrocarbons  were  derived.  Whether  the  petroleum 
aud  natural  gas  as  we  find  them  stored  in  porous  sedimentary  strata 
originated  directly  from  tiie  decomposition  of  marine  plants  and  animals, 
or  whether  they  originated  from  the  subsequent  slow  distillation  of  the 
kerogeii  produced  in  the  shales  from  the  imbedded  organisms,  is  a  ques- 
tion not  yet  fully  determined  and  possibly  never  may  be  settled  beyond 
mvil,  although  the  preponderance  of  present  evidence  would  point  to  the 
kerogen  distillation  at  a  low  temperature  as  the  immediate  source. 

Mastkr  Min'D  of  the  Standard  Oil  Company 

This  imperfect  sketch  of  petroleum  and  natural  gas  history  can  not 
be  closed  witliout  special  reference  to  the  conspicuous  part  played  in 
■  this  history  by  one  of  the  great  captains  of  the  American  petroleum 
industry.  One  of  the  very  few  men  who  founded  the  Standard  Oil 
Company  has  taken  such  a  leading  position  in  petroleum  history,  as 
well  as  in  the  general  industrial  history  of  the  world,  that  any  sketch 
of  oil  and  gas  history  without  special  reference  to  his  part  in  the  greatest 
business  success  of  the  ages  would  be  very  incomplete.  The  master 
mind  of  the  Standard  Oil  Trust  was  John  D.  Rockefeller,  of  Cleveland, 
Ohio.  Bom  in  Bichford,  Tioga  County,  New  York,  July  8,  18.39,  he 
came  with  his  parents  to  Cleveland  in  1853,  where,  after  completing 
a  two  years'  course  in  high  school  and  a  summer's  course  in  a  commer- 
cial school,  at  the  age  of  16  he  began  his  remarkable  business  career  as 
an  employee  in  a  commission  house  at  a  salary  of  $'1.01)  a  week.  Here 
ills  faithful  work  and  native  talent  soon  brought  a  promotion  to  cashier 
and  bookkeeper,  with  increase  of  salary  to  $700  a  year.  At  the  age  of 
19  be  had  saved  up  $1,000  and  concluded  to  go  into  the  commission 
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business  himself,  after  borrowing  another  thousand  from  his  father, 
Startiifg  on  his  business  career  in  1858  with  this  modest  capital,  the 
fruit  of  his  boyhood  thrift  and  savings  of  three  years,  his  meteorii; 
business  progress  from  this  simple  beginning  to  that  of  the  richest  man 
ill  the  world  illustrates  iu  a  strilcing  way  how,  under  the  freedom  of 
American  institutions,  not  only  the  "rail -splitter,''  the  "tanner,"  or  any 
other  class  of  common  laborer  may  rise  to  the  Chief  Magistracy  of  the 
\atioD,  but  that  the  poor  boy  may  become  the  richest  citizen  of  the 
world  through  his  own  unaided  genius  and  initiative. 

The  very  next  year  after  Colonel  Drake  had  discovered  a  method  of 
securing  from  the  earth  large  quantities  of  petroleum  young  Rockefeller 
had  the  vision  to  foresee  the  possibility  of  furnishing  the  world  with  a 
new,  better,  and  cheaper  light  than  the  tallow  dip  then  universally  iu 
use.  Hence,  entering  the  refining  business  in  1862,  only  three  years 
after  Colonel  Drake's  discovery,  his  name  and  the  business  organizations 
founded  prineipally  through  him  have  been  inseparably  connected  with 
the  history  of  petroleum  and  natural  gas  ever  since. 

SaNC'TITY  of  PHIVATE  PilOPKRTY  THE  ONLY  pATH  TO  PhOGHESS 

It  has  been  only  a  short  time  since  it  was  quite  the  popular  thing 
■fur  some  men  of  narrow  vision  and  superficial  aequaintancv  with  the 
practical  business  affairs  of  life  to  sneer  at  such  men  as  Mr,  Rockefeller, 
whose  wealth  has  been  accumulated  so  largely  from  industries  founded 
upon  petroleum  and  natural  gas,  and  even  to  advocate  the  rejection  of 
any  philanthropic  gifts,  as  "tainted  money,"  when  protfered  by  men  who 
had  through  foresight,  industry,  and  thrift  accumulated  large  fortunes. 
The  business  success  of  Mr.  Rockefeller  represents  the  American  theory 
of  the  sancity  of  private  property,  the  greatest  incentive  to  individual 
effort  and  the  general  progress  of  civilization,  as  opposed  to  Bolshevism 
and  Communism,  which  regard  all  privately  owned  property  as  but 
another  name  far  theft,  and  which  would  have  the  State  take  over  aud 
either  redistribute  all  private  fortunes  or  possess  them  for  the  benefit 
of  not  all,  but  of  a  class  (the  proletariat),  after  the  capitalists  had  heeu 
dispossessed  and  drived  out  or  killed.  This  latter  theory  of  governmeut 
and  property,  fortunately  for  the  future  progress  and  stability  of 
civilization,  has  rec-eiitly  been  put  to  the  test  of  actual  trial  on  m 
enormous  scale,  involving  the  destinies  of  more  than  one  hundred  mil- 
lion of  the  human  race.  Lenin  and  Trotzky  have  had  unlimited 
opportunity  to  make  a  practical  test  of  the  Communistic  theory,  that  all 
privately  owned  property  represents  robbery  of  the  poor,  and  that  every- 
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thing,  including  men,  women,  and  chUdren,  should  be  nationalized. 
What  are  the  results?  Let  toru,  bleeding,  starving  anarchiatic  Russia 
ansver  as  to  the  outcome  of  dividing  up  accumulated  wealth  and  prop- 
erty among  the  masaee.  Let  her  idle  factories,  whose  foremen  and  ex- 
perts have  either  been  murdered  or  driven  into  exile;  her  uncultivated 
and  grainlesB  fields;  her  unemployed  and  starving  professors  and 
educated  claaees;  her  murdered  citizens  of  the  fragal  and  property- 
owning  claas;  her  luat-corrupted  school  children  of  both  sexes;  her  com- 
muaized  and  violated  women ;  her  enslaved  and  terrorized  laborers,  ruled 
by  a  despotism  more  cruel  and  heartless  than  even  that  of  Ivan  the 
Terrible,  answer  as  to  the  merits  of  Red  class  rule  of  the  proletariat  com- 
pared to  that  of  our  free  and  glorious  democracy,  where  the  accumula- 
tion of  privately  owned  property  by  thrift,  industry,  and  sacrifice  is  not 
yet  regarded  as  criminal  by  the  large  majority  of  American  citizens. 

This  great  university,  under  whose  sheltering  domes  our  scientific 
societies  meet — its  stately  and  beautiful  temples,  in  which  the  accumu- 
lated knowledge  of  all  time  finds  such  splendid  exposition  by  hundreds 
of  learned  minds — could  not  have  been  called  into  existence  except  for 
the  business  foresight,  the  master  minds  to  grasp  the  possibilities  of  the 
petroleum  industry,  which,  through  labor  and  sacrifice,  thrift  and  en- 
durance, Mr.  Bockefeller  and  his  associates  carried  forward  to  com- 
mercial success  in  every  quarter  of  the  world.  This  university,  the 
fiockefeller  Foundation,  the  Rockefeller  Institute  for  Medical  Research, 
the  Laura  Spelman  Rockefeller  Memorial,  Mr.  Rockefeller's  latest  gift 
of  $63,000,000  for  charitable  purposes,  the  countless  benefactions  to 
colleges,  universities,  churches,  and  to  every  cause  worthy  of  human 
endeavor,  totaling  the  enormous  sum  of  five  hundred  millions,  as  Mr. 
Rockefeller's  present  contribution  to  human  welfare,  should  be  a 
eulficient  answer  to  those  who  would  overturn  our  present  private  prop- 
erty system  and  substitute  therefor  any  kind  of  communistic  govern- 
ment. The  example  of  Russia  on  a  large  scale  and  that  of  William  Lane 
in  Paraguay  on  a  amall  scale  give  the  same  answer ;  the  end  of  both  is 
idleness,  starvation,  crime,  and  barbarism. 

It  is  to  be  hoped,  In  view  of  these  two  conspicuous  failures  of  Com- 
munism to  alleviate  the  ills  of  mankind,  that  all  thinking  minds, 
especially  in  our  colleges  and  universities,  whose  teaching  staffs  have 
not  been  entirely  free  from  the  ilelusion  which  Karl  Marx  did  so  much 
to  promote,  will  abandon  forever  the  idea  of  State  Communism  as  a 
cure-all  for  poverty,  crime,  and  all  the  other  ills  that  have  always 
afflicted  humanity  and  always  will,  so  long  as  envy,  jealousy,  greed. 
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crueh}',  and  other  vicious  principleB  in  human  nature  remain  the  com- 
mon inheritance  of  the  race.  The  little  attention  yet  ^iven  to  eugenics 
by  the  vast  majority  will  evidently  postpone  to  a  very  remote  future  the 
day  when  all  the  wolfish  propensities  shall  disappear  from  mankind, 
and  until  that  day  dawns  it  would  appear  to  be  the  part  of  wisdom  and 
the  only  path  to  progress  to  preserve  inviolate  the  sanctity  of  private 
property,  the  keystone  on  which  all  present  civilization  rests. 
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Relations  op  early  Vertebratks  to  Plants 

The  background  against  which  the  early  history  of  the  -South  Amer- 
ican animals  unrolls  includes  the  food  supplies,  the  climate,  and  the 
migration  poseibilities.  The  time  when  the  various  groups  bepin  to  as- 
sume modern  aspe^t^  and  when  the  mammals  begin  to  flourish  is  the 
latter  part  of  the  Cretaceous  and  the  beginning  of  the  Ek>cene. 

The  prime  influence  controlling  any  group  of  animals  Is  the  food  sup- 
ply. While  the  origin  of  mammals  goes  at  least  back  to  the  Comanchean, 
it  is  not  until  the  Eocene  that  they  AouriRh  and  spread  out  into  luxuriant 
lilies  of  adaptation.  The  evolution  of  flowering  plants  started  in  a  man- 
ner which,  to  those  of  us  who  study  mostly  mammals,  is  strange ;  for  the 
early  anglosperms  are  trees  of  considerable  size,  while  the  herbaceous 
plants  coming  later  are  smaller  by  far.  Just  before  the  beginning  of  the 
Kocene,  sedges  and  grasses  spread  over  the  arid  country,  but  it  is  not 
until  the  Eocene  is  really  begun  that  the  modern  luxuriance  of  vegeta- 
tion is  characteristic,  when  the  heretofore  wind-pollinated  trees  and 
^a-tses  adapt  themselves  also  to  insect  fertilization.  Thus,  then,  just 
about  the  beginning  of  the  Eocene,  to  the  forests  is  added  a  carpet  of 
grass  on  the  prairies,  ponds  and  streams  are  bordered  and  even  occupied 
by  soft  herbs,  mountain  slopes  up  to  the  snow-line  blossom  with  both 

'UiQuscrlpt  rccFlved  bj  the  SNTrgtary  .ot  tbp.  8«cf»tT  iUrcb  3.  1921. 
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grasBes  and  succulent  leaves,  and  even  the  deserts  find  types  which  can 
grow  under  their  unfavorable  conditions. 

All  animals  depend  on  plants  for  their  food  supply.  In  the  water  it  is 
Diicroscopie  types  like  algie,  diatoms,  and  desniids  which  are  the  ultimnle 
source  of  food  for  the  teeming  life  of  oceans,  lakes,  and  rivers;  but  ou 
land  it  is  the  higher  flowering  plants  which  furnish  the  animal  food. 
While  amphibians  gained  some  of  the  advantages  of  land  life,  they  were 
not  only  unable  to  lay  an  egg  which  could  develop  in  the  air,  and  so  have 
to  come  back  to  the  water  for  breeding,  but  they  also  were  unable  to 
utilize  land  plants  for  food,  as  must  be  concluded  on  looking  over  tlie 
range  of  their  adaptations,  from  their  universally  carnivorous  dentition. 
These  first  land  vertebrates,  then,  must  have  depended  ultimately  on  the 
microscopic  plants  of  the  water ;  for,  while  somu  might  have  fed  on  other 
amphibians,  these  had  to  depend  on  fishes,  which  in  turn  ultimately  de- 
pended on  the  water  plants.  In  like  manner  the  early  reptiles,  while  they 
advanced  so  that  they  could  breed  on  land,  are  still  all  carnivorous;  so 
their  food  supplies  must  ultimately  have  been  aquatic,  this  in  spite  of 
the  fact  that  forests  of  great  trees  covered  the  lowlands  and  swamps. 
Just  why  ferns,  sigillarians,  calamites,  gymnosperms,  etcetera,  did  not 
appeal  to  the  early  land  animals,  I  do  not  know,  but  it  is  striking  that 
our  early  amphibians  and  reptiles  are  all  carnivorous.  In  the  Cretaceous 
we  find  a  part  of  tlie  dinosaurs  taking  vegetable  food  of  land  cliaracter. 
These  forms  flourished  just  when  the  first  angiosperms,  like  birch,  beei'li, 
maple,  plane,  sweet-gum,  and  breadfruit -trees,  were  coming  into  domi- 
nance; and,  of  couree,  these  dinosaurs  became  the  food  supply  for  the 
large  carnivores.  So,  then,  it  is  not  until  the  Cretaceous  that  any  of  the 
vertebrat(>s  became  fully  adapted  to  land  life. 

Among  these  great  reptiles,  even  back  to  Comanchean  time,  there  are 
mammals,  small,  and  the  first  ones  essentially  carnivorous  or  perhaps 
insectivorQus.  Matthew  has  sugge^ed  that  the  start  of  mammalian  de- 
velopment was  in  the  trees,'  and  has  given  various  anatomical  reasons 
for  this  belief.  It  seems  to  me  probable,  and  at  first  the  food  of  these 
tiny  forms  was  probably  insects  which  got  their  food  from  land  plants. 
In  the  trees  Hie  early  mammals  were  also  where  seeds  were  most  accessi- 
ble, especially  when  green  and  soft ;  but  it  was  not  until  herbaceous  plants 
with  seeds  rich  in  stardi  begin  to  appear  in  abundance  that  the  mammals 
increase  in  number,  variety,  and  size.  They  are  the  first  class  of  verte- 
brates which  turned  directly  to  that  great  unutilized  supply  of  food,  ami 
this  made  suddenly  possible  a  tremendous  increase  in  the  vertebrate  life 
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Laxd  Coxxectioxk  of  Soi'TH  America 

Alter  the  great  and  isolating  submergences  of  the  mid -Cretaceous,  the 
late  Cretaceous  is  a  time  of  uplift,  when  we  had  a  remarkable  set  of  land 
connections,  North  America  with  Asia  and  South  America,  Europe  with 
Africa,  and  Asia  with  Australia.  The  union  of  western  North  and  South 
America  continued  into  the  early  Eocene  to  just  about  Wasatch  time. 
Then  the  Central  American  connection  was  submerged,  and  South  Amer- 
ica was  isolated  until  the  Upper  Miocene  at  least,  the  mingling  of  Xorth 
and  South  American  faunas  taking  place  in  the  PHocone.  During  this 
long  period  of  insular  conditions  South  America  developed  a  rich  and 
varied  mammalian  fauna,  one  of  the  most  distinctive  ever  developed  on 
any  continent.  While  South  America  was  isolated,  North  America  and 
P^urasia  (connected  from  time  to  time)  developed  our  modern  advanced 
types  of  mammals.  I  can  find  no  convincing  evidence  that  during  this 
time  South  America  received  any  real  migration  from  the  outside ;  there- 
fore it  is  to  such  types  as  were  already  in  South  America  at  the  beginning 
of  this  period  that  we  must  look  for  the  progenitors  of  the  marsupials, 
edentates,  litopternas,  t}'potheres,  toxodonts,  primates,  etcetera. 

Comparison  of  Eocene  Faunas  of  North  and  South  America 

At  the  beginning  of  the  Eocene,  South  America  was  connected  with 
North  America  and  evidently  with  no  other  continent  The  earliest 
mammalian  fauna  in  South  America  is  the  Notostylops  fauna  of  Eocene 
age.  It  includes  marsupials,  edentates,  toxodonts,  litopternas,  typotherea, 
and  probably  primates.  To  consider  these  more  closely,  let  us  take  first 
the  marsupials. 

There  are  true  didelphids  in  the  Notostylops  beds  and  all  through  to 
modern  times,  in  South  America,  in  North  America,  and  in  Europe, 
Another  group,  generally  termed  sparassodonts,  includes  large  carnivorous 
marsupials,  ranging  in  size  up  to  Borhyiena,  nearly  as  large  as  a  bear. 
These  are  close  to  Thyalocinus,  the  Tasmanian  wolf,  so  close  that  Sinclair 
put  them  in  the  same  family.  Some  have  postulated  convergence  in  evo- 
lution for  these  forms  from  the  Santa  Cruz,  Deseado,  and  Notostylops 
beds.  I  can  not  sec  that  they  diverge,  as  they  are  followed  backward.  A 
proup  of  tiny  marsupials  is  today  represented  by  Cfenolestes.  It  has  been 
called  a  pseudo-diprotodont,  supposed  to  be  independently  derived  from 
some  didelphid:  but  the  Santa  Cruz  genera  Garzonia  and  Halmarhippua, 
the  Deseado  Pseudii-halmarhippus,  and  the  Notostylops  Progarzonia 
carrj'  the  diprotodont  characters  back  to  the  oldest  South  American  beds. 
Besides,  there  are  other  diprotodonts,  such  as  Palieothenes,  Piichena,  and 
Abderitcs.     It  looks  to  me  as  if  we  must  recognize  that  several  of  the 
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marsupial  familieB  had  become  differentiated  ae  early  as  the  beginoing  of 
the  Eocene.  We  are  already  used  to  thinking  of  the  opoaeum  family  as 
distinct  at  the  beginning  of  the  Eocene.  The  Thyalocines  must  also  have 
bei?ii  distinct,  and  have  been  in  North  America  in  the  early  Eocene,  and  1 
anticipa^  representatives  of  the  family  will  turn  up  in  the  Fort  ITnton. 
The  Diprotodont  division  of  marsupials  must  thus  early  have  heen  estab- 
lished.* (lidley,  after  describing  the  skull  of  Ptilodus,  concludes  that  the 
Allotheria  and  Multituberculatfl  are  marsupials  related  to,  though  not 
ancestral  to,  the  diprotodonta,  the  two  groups  having  an  ancestry  still 
further  back.*  Last 'winter,  on  making  a  further  study  of  Pyrotherium, 
I  was  convinced  that  its  relationship  was  with  Diprotodont,  making  iit  s 
marsupial  instead  of  an  elephant,  as  I  earlier  thought.  In  the  early 
Eocene,  then,  we  have  didelphids,  allotheres,  and  plagiaulicids  common 
to  both  continents.  In  South  America  there  are  sparaasodonts,  ctcnoles- 
toids,  and  pyrotheres  as  yet  not  found  in  North  America.  On  the  other 
hand,  North  America  developed  creodonts  to  take  the  place  occupied  by 
sparassodonts  in  the  south. 

Turning  to  Edentata  {Xenarthra  only),  we  find  members  of  this  order 
represented  by  teetli  and  scutes  in  the  Notostylops  beds.  The  Torreou 
and  Puerco  of  North  America  yield  several  genera  ( Psittacotheriuni, 
Onychodectes,  Conoryctes,  etcetera)  which  Wortman  united  as  Gano- 
donCa,  making  clear  that  they  belonged  to  the  edentates.  This  would 
indicate  that  the  order  originated  in  Cretaceous  time  and  was  in  both 
North  and  South  America  in  the  early  Eocene.  In  North  America  it 
slowly  died  out  by  the  end  of  the  Eocene  represented  by  such  genera  a* 
C'alamodon,  Stytinodon,  and  Metacheiromys;  in  South  America,  on  the 
other  hand,  they  become  a  little  more  abundant  in  the  Oligocene,  and 
then  in  the  Miocene  suddenly  increase  in  numbers,  variety,  and  size. 
diverging  into  the  armadillos,  ground -sloths,  and  glyptodons  until  over 
half  of  all  finds  in  the.se  and  later  beds  belong  to  this  group.  When  the 
Americas  united,  in  the  Pliocene,  they  migrated  to  North  America  in 
numbers  sufficient  to  make  a  real  element  in  the  fauna  of  the  Pliocene 
and  Pleistocene,  but  they  were  in  company  too  fast  for  them  and  have  all 
died  out  on  this  continent.  At  the  same  time  our  types  of  camivorw 
moved  to  South  America,  and,  though  more  slowly  there,  the  edentates 
gave  way ;  so  now  only  diminutive  remnants  of  that  great  fauna  are  left 
in  a  few  armadillos,  sloths,  and  ant-eaters. 

The  rodents  offer  one  of  the  most  puzzling  problems  as  to  their  origin  in 
Soutli  America.    No  rodents  are  found  in  the  Paleocene  of  North  America. 

■Ridley  ban  i'«eD(ry  dwicrlhed  ■  pouchrd  ant-ntrr  from  the  Fort  L'nion.  »sil(nlii(  II 
to  tbe  same  bpdub.  Mrmecohliia.  as  (ti«  form  IItIdk  todsf  In  Auilnlla.  Proc.  V.  B.  N>- 
tlooal  Mnsenm.  lfll\  rn\.  48.  p.  30^. 

•tildtc}-:   Proc.  t,',  R.  -ViiItoDSl  Munriim.  lOWl,  vol.  38,  p.  611. 
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The;  appear  as  fuil-fledgcd  rodents  of  the  squirrel  fsmily  in  Paramys,  in 

the  Wasatch  beds.    Xone  of  this  type  reached  South  America  before  the 

Pliocene.    In  an  equally  sudden  manner  Hystricomorphs  appear  in  the 

Oli|!ocene  (Deseado=  Pyrotherium)  beds  In  South  America.     Tlie  first 

forms  belong  mostly  to  the  genus  Cephalomys;  in  the  Miocene  there  are 

fnur  families  represented,  and  today  six,  cavies  porcupines,  chinchillas, 

t'apybaras,  etcetera.    Hyatricomorphs  are  also  known  from  tlie  Oligocene 

•if  France  and  Africa,  those  from  France  being  the  older.     In  some  way 

they  got  to  South  America.    It  is  the  only  group  for  which  a  laud  bridge 

fould  need  to  be  postulated,  and  on  this  alone  few  of  us  would  want  to 

p<'stiilate  such  an  earth's  upheaval,  for  over  it  would  have  come  or  gone 

no  other  forms. 

The  North  American  Palieocene  has  yieldeil  but  few  Primates,  Indro- 
dori  being  the  best  known.  Ameghino  described  a  large  number  from  the 
^'otosivlopM  beds,  but  moat  of  them  ha\e  since  been  assigned  to  the  Typo- 
theres.  Undoubted  primates  begin  in  the  Colopdon  beds  (early  Otigo- 
i*nc|  in  C'ienialitea,  which  is  followed  by  the  well  known  Homunculiiii  in 
thp  Miocene,  a  typical  member  of  the  Cebidw.  In  later  beds  they  increase 
'"  sise,  and  today  two  families  of  South  American  primates  are  recog- 
nised, the  Cebidffi  and  marmosets,  the  two  being  usually  united  with  the 
'-*"i  World  monkeys  to  make  the  Anthropoidea.  To  my  mind,  this  is  a 
Misleading  clarification,  for  the  South  American  Primates  diverged  from 
'"e  Old  World  Primates  in  basal  Eocene  times  and  have  never  since 
Kf»tteii  farther  from  their  homeland  than  Central  America.  The  inde- 
t^nrfent  history  of  these  two  phyla  should  l>e  recognized  in  their  nomen- 
''stur^,  these  N'ew  World  forms  being  as  much  pseudo-monkeys  as  the 
I   'I'uptemaa  are  paeudo- horses. 

■"hj  far  the  discussion  has  referred  to  less  than  half  the  Notostylops 
'  fauna.  The  rest  of  it  is  herbivorous  and  is  usually  designated  as  Notung- 
lilati,  including  the  litoptcrnas,  typothcres,  toxodonts,  astrapotheres.  and 
homalodotberes.  .\t  the  beginning  of  the  Kocene,  North  America  also 
Aai]  its  group  of  herbivores,  the  collective  aascmlity  grouped  as  Condy- 
larlhra.  The  Notostylops  fauna  includes  a  large  numl)er  of  such  types  as 
WiJolodus,  Othneilmarshi,  Asmithwoodwardi,  and  I^anibdaconus,  which 
are  so  like  the  (,'ondylarthra  tliat  Ameghino  (I  think  correctly)  liaa 
placed  them  in  this  order.  Though  the  material  is  fragmentary,  there 
can  be  little  doubt  that  these  two  gr(m|»s  had  a  common  ancestry.  From 
thifi  first  herhiTore  group  arose  in  North  America  the  Perissodactyla  and 
Amblopoda,  the  one  grass-eaters,  the  other  browsers.  Similarly,  in  South 
.America  there  came  from  the  common  group  different  phyla  adapted  to 
different  types  of  vegetation. 

The  grazers  made  a  very  progressive  series,  rumiing  through  Deutero- 
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therium,  Notodiaphorue,  Prototherium,  Diadiaphonis,  and  Thaotherinm. 
the  pseudo-horees.  There  was  also  a  less  progressive  line,  Portheoeodon, 
Theoeodon,  and  Macrauchenia,  the  two  lines  making  the  litoptemaii. 
These  roughly  parallel  the  Perissodactyls  of  \orth  America  and  indicate 
that,  given  similar  material  in  similar  environments,  parallel  evolutionary 
lines  result. 

^gain,  in  the  Notostylops  beds  there  is  a  group  of  teeth,  Pantostylop!^. 
TrigonoBtylops,  Albertgaudryi,  etcetera,  which  resemble  the  teeth  of 
Amblypoda  so  strongly  that  Ameghino  assigned  them  to  this  group,  and 
from  them  traced  first  a  line  through  Astraponotue,  Parastrapotheriuin, 
Astrapothericulus  to  the  aberrant  Astrapotherium.  It  is  a  distinct  line 
of  development  similar  to  that  leading  to  Uintatherium  in  North  Amer- 
ica, and  the  forms  should  be  given  either  ordinal  or  subordinal  rank,  ac- 
cording to  the  treatment  given  to  other  similar  lines.  The  Homalodo- 
theres,  with  their  heavy  build,  broad  feet,  and  cleft  toes,  run  through 
such  forms  as  Asmodeus  and  in  like  manner  represent  a  line  of  develop- 
ment. All  these  forms  are  pretty  clearly  derived  from  condylarth  stocfc 
and  should  be  grouped  together. 

In  regard  to  the  typotheres  and  toxodonts,  it  seems  to  me  they  repre- 
sent a  separate  group.  The  two  lines  are  already  distinct  in  Notostylops 
time.  One  line  rune  through  such  forms  as  Notostylops,  Bhynchippu^. 
Leontinia,  Xesodon,  and  Toxodon,  the  toAodonts;  the  other  includes 
Notopithecus,  Archteohyrax,  Hegetotherium,  Pachyrucos,  and  Typo- 
therium,  the  typotheres.  In  the  two  groups  the  ground  plan  of  the  teeth 
is  the  same.  The  feet  of  the  typotheres  are  the  less  specialized,  but  nei- 
ther advanced  beyond  the  three-toed  condition.  Both  early  developed  ■ 
high  degree  of  hypsodouty,  and  to  my  mind  were  grass-eaters ;  but  at  the 
same  time  there  is  something  unguessed  about  their  habits,  for  they  ari^ 
too  slow  and  clumsy  for  prairie  animals.  The  plan  of  their  teeth  coM 
well  come  from  the  Condylarth  type,  hut  they  seem  to  have  separated  off 
earlier  than  the  litopternas,  etcetera. 

There  is  lefi  but  Necrolestes,  called  by  some  an  insectivore,  close  to  tlip 
Cape  golden  mole,  at  the  same  time  compared  to  the  marsupial  mole. 
Notoryctes.  It  may  be  an  insectivore,  hut  if  so  it  is  the  only  represenla- 
tive  of  the  order  found  fossil  in  South  America,  The  auditory  hull*, 
which  would  settle  the  question  of  its  affinities,  is  lacking.  Personally  I 
am  inclined  to  think  it  is  a  specialized  marsupial. 

From  the  above  we  can  pretty  confidently  look  to  North  America  at  the 
beginning  of  the  Eocene  for  the  origin  of  all  the  South  American  mam- 
mals, ro<ients  excepted,  and  to  the  isolation  of  the  continent  we  can  at- 
tribute the  specialization  of  their  development.  The  only  group  irhieh 
has  suggested  the  need  of  a  land  bridge  is  the  hystricomorph  rodents 
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vhich  arrived  in  the  Oligocene.    This  I  do  not  feel  would  at  all  justify 
postulating  such  a  land  couDection  in  Tertiary  time. 

Review  of  Gondwanaland  Data:  REFTiLiAif,  Pish,  Land  Snails, 
AND  Flora 

However,  there  is  a  vrell  established  tradition  that  there  was  a  land 
bridge  from  Africa  to  South  America  through  Permian,  Triassic,  Juras- 
sic, and  Cretaceom  time,  making  South  America  a  part  of  the  continent 
termed  Gondwanaland.  Let  us  look  at  the  evidence  on  which  this  is 
lased.  Among  other  groups,  it  has  heen  used  to  explain  the  distribution 
if  fresh-water  fishes,  land  snails,  mussels,  nrayfish,  and  the  Glossopteris 
flora.  These  are  not  all  the  ^oups  for  which  it  has  been  postulated,  but 
in  these  the  best  arguments  have  heen  built  up.  Vaughn's  studies'  on 
Central  American  invertebrate  faunas  yield  this  in  regard  to  the  connec- 
tions of  North  and  South  America:  "During  Jurassic  and  Cretaceous 
there  was  no  connection  between  the  Atlantic  and  Pacific  oceans  across 
''entral  America";  and,  further,  but  no  longer  quoting,  during  Triassic 
sii'i  Permian  there  were  land  conditions  through  Mexico  and  Central 
America,  with  but  one  interoceanic  connection  in  the  Triassic.  This 
heing  the  ease,  there  was  always  open  the  possibility  of  migrations  to  and 
from  North  America  during  almost  all  of  the  period  postulated  for 
(iond  wan  aland. 

First  let  us  look  at  the  reptiles,  of  which  South  America  has  yielded 
but  a  scant  supply.  However,  there  are  three  genera  of  theropod  and 
(hree  of  sauropod  dinosaurs  which  Lull'  in  his  distribution  of  dinosaurs 
has  piloted  via  Gondwanaland.  Of  the  theropods  two  genera  are  peculiar 
to  South  America  and  the  third  is  Megalosaurus,  also  reported  from  Aus- 
tralia, India,  Germany,  England,  etcetera;  but  this  genus  is  based  on 
fragmentary  material  and  I  am  hy  no  means  convinced  of  the  correctness 
of  the  assignment.  Of  the  sauropoda,  two  again  are  peculiar  to  South 
America  and  the  third  is  Titanosaurus  of  Africa,  India,  England,  and 
France.  The  genus  is  based  on  two  caudals  from  India,  and  the  figures 
and  description  make  the  South  American  fragments  fully  as  close  to 
some  of  the  North  American  sfturopods.  At  this  time  North  America 
had  large  numbers  of  both  Theropoda  and  Sauropoda  similar  to  the 
South  American  forms  and  the  path  was  open. 

In  North  America  we  have  some  of  the  earliest  reptiles,  and  it  is  of 
interest  to  take  such  a  sketch  classification  as  Watson's'  and  consider 
their  distribution.    Cotylosauria  occur  in  the  Upper  Coal  Measures  and 

■BdU.  103.  U.  8.  NatlODBl  Huaeam.  19ie.  p.  611. 
•Am.  Joor.  8cl.,  toI.  2B,  1910,  p.  1. 
'  Proc.  Zofri.  Boc.  LoDdon,  lEIlT,  p.  16T. 
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Permian  of  North  America  and  the  Middle  and  Upper  Permian  of  Se(fc"< 
land  and  Africa.  Anomodontia  are  scattered  through  North  America 
Europe,  and  Africa.  EdaphosauruB  ie  North  American  and  £uropea.s:i 
Dicynodontia  are  African,  Scottish,  and  North  Ameriran.  There  is  notti- 
ing  to  indicate  that  Africa  was  ieolatwl,  and  the  forme  seemed  to  ha'^-e 
moved  from  Africa  to  Europe  to  .\merica,  or  in  reverse  direction,  easi  I_v 
throughout  the  Permian. 

Eigenmann"  has  used  the  fresh-water  fishes  in  an  extensive  argument 
for  Gondwanaland.  After  cataloguing  all  tlie  iishcR  of  South  Ameri*^ 
and  showing  that  some  have  come  from  North  America,  some  from  the 
salt  water,  he  lists  six  families,  and  from  maps  of  their  present  distribw- 
tion  develops  an  argument  to  show  that  before  the  Tertiary,  and  not  later 
than  the  end  of  the  Cretaceous,  there  must  have  been  a  land  connection 
between  Africa  and  South  America.  The  families  are  Lepidosireni(l«, 
OsteoglossidfE,  Siiuridte,  Pcecilidte,  Cichilidse,  and  Characida>.  Of  Pte- 
cilidfe  he  remarks:  "Marine,  brackish  and  fresh  water — a  connection  witJi 
Africa  would  be  convenient"  Of  Siluridas:  The  TachisurinK  are  ma- 
rine, and  the  continental  forms  could  have  been  derived  from  this  group. 
as  could  also  those  of  Africa.  This  leaves  four  families.  The  Lepidofi- 
renidffi  are  certainly  relics  of  an  ancient  group,  formerly  living  in  abun- 
dance in  both  Europe  and  North  America.  The  OsteogloBsidffi  are  also  a 
fairly  old  family,  and  Dapedoglossus  of  the  Eocene  Green  River  beds 
shows  that  the  family  was  in  North  America  at  least  that  early.  Cich- 
ilidse also  were  represented  by  Priscacas  in  the  Green  River  beds  and  b? 
Odonteus  in  the  Monta  Bolca  of  Europe.  These  three  families,  then.  1 
would  not  feel  needed  an  Africo-South  American  land  connection,  Xf" 
Ibis  leaves  only  the  Characidir,  a  group  of  some  400  minnows  and  carp- 
like  forms.  None  of  the  family  is  known  fossil.  It  seems  to  me  tliP 
argument  from  fresh-water  fishes  is  not  compelling.  All  that  is  nce<l*^ 
is  to  find  that  this  last  family  contains  or  contained  some  form  which 
could  stand  salt  water.  The  Galaxida^  of  Australia,  South  .\frica,  and 
South  .America  used  also  to  he  used  fur  this  argument,  but  it  has  beeo 
shown  that  some  of  the  members  of  the  family  enter  salt  water  reailih'- 
There  are  twii  fo.-isil  fish  faunns  in  .South  America — an  Eocene  one  from 
.Vlgnas,  Brazil,  which  is  doniiiiantly  made  up  of  genera  very  close  to  th6 
North  American  Green  River  forms,  and  n  slightly  older  fauna,  also  from 
Brazil,  in  which  the  genera  ii^n  are  clnsest  to  North  American  types. 

Among  the  arguments  liHscd  mi  i inert cb rates,  that  on  the  non-mariue 
niollusca  is  the  besi,  and  it  is  sunmiari/od  hy  PJIIsbury  in  the  report  nt 
the  Princeton  Pntagnninn  cxpi'ditions.  .An  interesting  map  of  the  paths 
of  niigrnlion  ol'  land  stihIIs  sIkuvs  one  frnm  North  to  South  America  {IT 
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familteB  entering  by  thip  route),  one  from  Africa  to  South  America — 
that  is,  via  Gondwanaiand  (13  families  traveling  thin  route) — and  a  third 
from  Patagonia  to  Australia  and  New  Zealand.  Of  the  forms  which  came 
via  Gondwanaland  Home  seem  to  have  originated  in  Asia,  others  in  Eu- 
rope, and  still  others  in  Africa.  While  this  is  one  of  the  best  arguments 
for  the  land  connection,  when  dealing  with  land  snails  I  can  not  get  out 
nf  my  mind  the  remarkable  records  of  the  long  periods  snails  have  been 
able  to  withdraw  into  their  shells  and  go  without  food  or  water.  The 
lines  of  migration  correspond  surprisingly  well  with  the  directions  fol- 
lowed by  the  oceanic  currents  which  touch  the  South  American  coast,  and 
this  group,  above  all  others,  lends  itself  to  distribution  by  floating  rafts 
or  even  driftwood. 

Perhaps  the  oldest  argument  for  Qondwanaland  is  based  on  the  Glos- 
sopteris  flora,  a  group  of  Fteridosperms  characterized  by  the  fronds  being 
simple  and  undissected,  like  those  of  the  walking  fern.  Not  all  of  the 
flora,  however,  has  simple  fronds,  but  some  are  at  least  once  pinnate  like 
Xeuropteris  or  our"  coninion  polypody.  This  fiora,  in  its  full  develop- 
ment, appears  in  South  America  in  the  Perraian  and  just  overlying  tJie 
glacial  deposits.  Soon,  however — that  is,  in  the  higher  beds — the  flora 
alten?  its  character  by  the  reappearance  of  fronds  of  more  dissected  type, 
like  Pecopteris  and  Neuroptcris.  This  same  sequence  of  events  is  also 
found  in  India,  Africa,  and  Australia.  The  genera  typical  of  the  GloB- 
sopteris  flora  are  generally  placed  among  the  pteridosperms  on  account  of 
the  lack  of  any  spore  fronds  and,  in  case  of  Glossopteris,  because  of  find- 
ing seed  eases.  Such  a  genus  as  Neuropteris  seems  to  be  the  nearest 
northern  relative. 

To  my  mind,  the  most  pertinent  question  in  regard  to  these  southern 
Horas  is  whether  the  cold  climate  of  the  glaciation  would  cause  the  shape 
nf  the  frond  to  be  altered,  say  from  a  once  pinnate  type  to  an  undissectcd 
type.  My  feeling  in  the  matter  is  strongly  influenced  by  having  recently 
looked  over  a  large  collection  of  ferns  of  the  genus  Polypodium.  My  idea 
of  what  a  polypody  was  like  was  obtained  from  seeing  them  in  the  woods 
of  northern  United  States,  and  I  got  the  idea  of  a  frond  much  like  Neu- 
ropteris.  I  found,  however,  that  had  I  lived  in  ('hina  I  should  have  had 
a  picture  of  polypodies  with  simple  undissected  fronds  (glossopteris-like). 
for  there  all  were  of  this  sort.  Had  1  lived  in  the  West  Indies  I  should 
have  thought  of  them  as  either  simple  or  once  pinnate.-  The  same  would 
be  true  of  India  or  Hawaii,  but  had  I  gotten  my  idea  in  Europe  I  should 
have  thought  of  the  fronds  as  once  pinnate  or  even  finely  dissected.  The 
fronds  of  this  one  genus  range  from  finely  dissected,  through  the  type 
familiar  to  us  all,  to  forms  as  simple  as  any  (iloswipteris.  If  this  genus 
of  ferns  varies  so  in  the  shape  of  its  fronds  (the  reason  for  which  I  do  not 
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know],  should  we  he  surprised  if  the  same  sort  of  thing  was  true  in  tht 
Permian,  especially  when  we  know  of  the  great  change  in  climate  during 
that  period.  My  feeling,  then,  is  that  until  it  is  demonstrate  that  &€ 
fruiting  of  Glossopteris  and  similar  genera  is  really  distinct  from  that  of 
other  seed  ferns,  it  is  juct  as  well  not  to  postulate  a  great  continental 
connection  joining  all  the  lands  of  the  BOuthem  hemisphere,  based  on  this 
group  at  leaat. 

CoscLUsioN :  Mauhals  the  first  Vehtebhates  fully  ahapted  to 
,  Land  Life,  and  Fadnas  of  Sodth  America 

CAME   FROM    NoRTH    AhERICA 

In  concluding,  might  I  emphasize  the  statement  made  early  in  the 
paper,  that  among  vertebrates  it  is  not  until  we  come  to  the  mammals 
that  we  have  a  great  class  which  has  fully  adapted  itself  to  living  on  lud 
plants.  In  this  we  see  the  reason  why  this  group  so  suddenly  expanded 
into  luxuriant  and  diverse  adaptations.  For  the  first  time  food  supplies 
were  well-nigh  unlimited,  and  animals  were  not  going  back  through  ■ 
series  of  preying  on  eftch  other  to  the  water  plants  for  thoir  ultimate 
source  of  food;  but,  having  cut  out  an  indefinite  number  of  interme- 
diaries, each  such  intermediary,  taking  some  90  per  cent  toll  in  passing 
the  food  along,  went  directly  to  the  land  plants  so  abundant  a^Kiut  them 
for  their  food. 

Among  the  mammals,  it  is  the  herbivores  which  have  progressed  in  the 
most  manifold  and  astonishing  ways,  and  this  is  not  to  be  wondered  at; 
for  they  have  the  direct  access  to  the  world  of  new  plants  which  arose  a* 
intect  pollination  came  in.  They  are  the  ones  which  lived  in  great  num- 
bers, bizarre  forms,  and  bewildering  changes. 

Then  I  have  reviewed  the  evidence  on  which  some  of  the  most  tjT)ioal 
arguments  of  the  land  connection  between  Africa  and  South  America  are 
founded.  In  each  great  group  there  is  in  South  America  some  form  or 
forms  for  which  a  land  connection  would  be  convenient,  but  in  no  group 
is  the  number  for  which  such  a  bridge  is  postulated  large,  and  for  none 
of  them  is  the  demand  overwhelming.  In  all  cases  it  is  difficult  to  ex- 
plain why  the  migrations  did  not  go  out  as  well  as  into  South  America. 
.\s  we  should  expect,  there  are  some  forms  in  each  group  the  past  history 
of  which  we  do  not  know.  The  better  we  know  the  history,  the  less  de- 
mand there  is  for  such  a  bridge.  To  me  it  seems  that  the  bridge  in  each 
case  was  called  into  being  for  the  purpose  of  making  the  discussion  of  a 
group  complete,  when  the  wise  method  would  have  been  to  mark  the 
group  and  wait  for  further  knowledge.  Perhaps  I  can  say  these  thing?. 
for  T  postulated  this  land  bridge,  and  now  wish  I  had  left  the  discussion 
a  paragraph  shorter. 
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Introduction 


E«ent  studies  have  been  fruitful  in  bringing  to  light  new  pvidenccs 
«f  diaatrophism.  The  older  terranes  have  been  found  to  be  more  and 
mote  iatr lea telv  deformed,  as  inquiry  pnx'eedw.  The  laU-r  terranes  have 
aiwlojed  overthrusts  of  unexpeeted  e^tent  and  fre(|uency.  Troughs  of 
S™!*!!  type  have  been  found  to  form  chains  of  almost  eontinental  length, 
iHe  recognition  of  unconformities  has  been  multiplying  to  an  embarrnss- 
"^^gree.  Moreover,  as  inquiry  passes  from  local  and  regional  fields  to 
'w  greater  features  of  the  earth,  the  continents  and  the  oceanic  basins  it 
'''"'liHw  evidences  of  a  profound  order  of  diaatrophism  whose  significance 
■""Wn  only  meagerly  recognized  in  the  past.  In  the  light  of  these  reve- 
"'ioM,  it  is  important  to  workers  in  this  difficult  field  to  know  whether 
"""•erlpt  recplvrd  bj  the  SFcrelarj  of  the  Rocietr  Fphnmry  3,  IWl. 

SIV— BCLi,.  flKOL.  Hot.  Am.,  Vul.  .12,  11120  (197 1 
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sufficient  resources  of  di  as  trophism  support  all  the  typos  of  interpretation 
that  are  currently  offered  for  acceptance.  If  the  dynamic  resources  that 
form  the  groundwork  of  any  type  of  interpretation  are  obviously  insuffi- 
cient to  actuate  the  great  diaatrophisms  implied  by  direct  evidence,  the 
deficiency  should  be  recognized  and  this  mode  of  interpretation  placed  on 
the  shelf.  It  is  the  purpose  of  this  paper  to  discuss  the  fundamental 
sources  from  which  energy  available  for  actuating  diastrophiRin  may 
arise.  This  necessarily  leads  back  to  the  genesis  of  the  earth,  for  in  tli" 
mode  of  its  formation  there  should  be  found  the  energies  it  later  dis- 
played. 

Two    BABAL   HYPOTIIKaVS 

From  the  dynamic  point  of  view,  two  types  of  genetic  hypotheses  prar- 
tically  cover  the  whole  field :  the  one,  gatieous  or  quasi-gaseous ;  the  other. 
orbital.  The  two  rest  on  distinctly  different  systems  of  dynamics,  and 
they  inherited  unequal  measures  of  energj' ;  their  potential  resources  of 
diastrophism  were  thus  diverse  from  the  start.  In  addition  to  this,  and 
even  more  important,  their  moiles  of  evolution  led  at  once  to  divergenciej* 
in  the  degrees  of  conservation  or  of  dissipation  of  their  inherited  euer- 
gies.  Accepting  the  common  view  that  the  earth  was  once  extensively 
deployed,  it  is  quite  clear  that  its  material  carried  sufficient  energy  to 
actuate  any  diastrophism  that  has  been  disclosed  or  is  likely  to  he  dis- 
covered in  the  earth,  whether  its  substance  was  distributed  paseouely  or 
orbitally.  An  orbital  deployment  must  have  carried  much  the  greater 
potentialities,  but  both  should  have  carried  sufficient  energy,  if  well  con- 
served and  brought  into  service.  In  this  sense,  either  of  the  two  hj- 
potheses  may  be  regarded  as  competent  potentially.  The  vital  difffrftirf 
lies  in  the  extent  to  which  the  two  modes  of  desrent  conservrd  thtir 
original  energies,  or  wasted  them  before  the  time  for  diastrophism  camt. 

The  collapsing  Type 

Gaseous  organization  is  an  ideal  type  of  a  failing  structure.  If  matter 
is  removed  from  any  point  within  a  gaseous  mass,  the  whole  collapses  nn 
the  vacancy,  because  the  support  of  the  mass  depends  on  the  repellancy 
of  the  molecules  at  all  points  within  it.  So,  also,  whensoever  radialinn 
of  heat  or  any  other  influence  is  brought  to  bear  on  any  part  of  a  gaseDU- 
body,  or  on  the  whole,  so  that  its  energy  is  reduced,  the  body  proportion- 
ately collapses  and  reorganizes  itself  to  fit  the  new  status  of  its  energy 
In  so  far,  then,  as  there  was  opportunity  for  the  radiation  of  heat  or  for 
other  losses  of  energy,  during  the  formative  history  of  a  gaseous  earth, 
it  promptly  collapsed  to  a  smaller  spheroid  of  similar  form,  and  thu- 
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mueh  of  its  potential  energy  was  dissipated  without  leaving  any  diae- 
trophic  record,  in  the  accepted  sense  of  the  term. 

The  NON-CO llapsi  no  Type 

On  the  other  hand,  if  tlic  moleculoB  that  were  to  form  the  earth  were 
moving  in  individual  orbits  ahout  their  controlling  center,  they  were 
fji-^^entially  independent  of  one  another;  they  had  moving  forces  of  tlieir 
iiwn ;  they  were  self-supporting.  If  any  molecule  was  cooled  or  removed, 
it  made  little  difference  to  the  rest.  They  kept  on  in  their  predetermined 
paths.  And  so  an  orhital  nebula  is  not  directly  collapsible,  in  the  sense 
that  a  gaseous  nebula  is.  The  individual  molecules  of  an  orbital  nebula 
are  likely  to  be  gathered  in  ultimately,  bjit  the  process  is  much  more  indi- 
rect. The  time  required  is  mu<Ji  longer;  a  larger  meafure  of  energy  is 
likely  to  be  conserved.  .\  gaseous  organization  id  so  constituted  as  lo 
erpedUe  the  loss  of  its  energy  and  hasten  the  collapse  of  its  maiv;  an 
nrbital  organization  Is  singularly  well  suite*!  to  conserve  its  energy  and 
to  delay  concentration. 

Tub  wasteful  Typk 

I'nder  the  traditional  concept  of  the  gaJ»eous  origin  of  the  earth,  not 
only  was  its  energy  radiatetl  rapidly  away,  with  collapse  closely  following, 
hut  the  energy  that  remained  wss  largely  engaged  In  maintaining  fluidity, 
for  the  prime  efTect  of  tlie  collapse  was  an  accelerated  conversion  of  po- 
tential energy  into  additional  heat  (Lane's  law).  The  earth  masR  was 
thus  all  gathered  in  before  the  concentrating  process  could  record  Itself 
as  diastrophisni  because  of  the  fluid  state.  (I  use  the  term  diastro|)hism 
to  denote  any  distortion  that  keeps  a  record  of  itself  in  the  solid  state. 
Concentration,  of  course,  takes  place  in  a  liquid  body,  but  it  retains  no 
record  of  any  distortion  of  its  structure  that  may  arise  incidentally,  for 
a  new  and  symmetrical  structure  is  at  once  formed  in  accordance  witts 
hydrostatic  laws.)  No  on^,  I  think,  has  ever  assigned  any  diastrophisni 
to  the  earth  bo  long  as  it  remained  in  a  fluid  state ;  obviously  deformation 
was  only  assignable  after  the  whole  earth  mass  had  been  assembled  and 
had  cooled  sufficiently  to  become  crusted  over.  In  the  meantime  the 
earth-matter  was  drawn  toward  its  center  of  gravity  as  far  as  its  molec- 
ular activity  would  permit,  and  a  corresponding  portion  of  its  potential 
energy  was  converted  into  heat.  A  maximum  temperature  was  thus  pre- 
served which  greatly  facilitated  the  loss  of  energy  by  radiation,  especially 
as  this  follows  the  law  of  the  fourth  power.  According  to  Lane's  law, 
the  temperature  tended  to  rise  and  the  rate  of  radiation  to  increase  so 
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long  as  the  gaeeous  condition  remained.  While  in  this  active  fluid  state 
the  poBsibilities  of  chemical  combination  of  the  earth  substances  should 
have  exhausted  themselves  so  far  as  temperature  permitted.  So,  aW. 
should  the  physical  adjustments  of  the  matter.  According  to  the  olil 
masters,  whose  logic  was  admirable,  the  heaviest  substances  should  have 
gathered  at  the  center,  the  less  heavy  next,  and  so  on  in  order,  the  lightest 
forming  the  outer  layer.  Thus  the  earth  should  have  taken  on  almost 
perfect  symmetry,  and  a.t  the  close  of  the  assembling  process  :t  should 
have  been  in  perfect  isostatic  equilibrium,  both  vertically  and  horizon- 
tally. 

Thus  we  see  that,  to  a  maximiun  degree,  the  potential  energies  repre- 
sented in  the  original  deployed  state  should  have  been  converted  into 
fugitive  forms  of  energy  and  have  been  dispersed  before  any  diastrophk 
record  could  be  made.  There  was  little  possibility  of  shrinkage  left  ex- 
cept the  meager  amount  that  could  arise  from  further  cooling. 

The  conservative  Typk 

On  the  other  hand,  if  we  neglect  for  the  time  being  so  much  of  tlie 
central  part  of  the  earth  as  is  supposed  to  have  been  formed  from  the 
earth  nucleus,  as  defined  in  the  preceding  article,  and  assume  that  tiie 
outer  and  much  larger  part  was  built  up  of  planetesimals  or  planetesimal 
dust,  in  a  relatively  cool  and  solid  state,  an  earth  of  very  different  poten- 
tial resources  of  diastrophism  would  arise.  To  fully  realize  this,  it  shonM 
be  noted  that  after  the  earth  had  reached  the  mass  of  Mars  it  shoiiM 
have  been  able  to  hold  a  notable  atmosphere.  All  the  planetesimals  thai 
made  up  the  later  growth  must  have  plunged  through  this  atmospheri' 
after  the  fashion  of  meteorites  on  their  way  to  the  earth.  Their  veloci- 
ties were  thereby  checked  and  their  substance  more  or  less  converted  inl" 
dust.' 

The  oul*r  mass  of  the  earth,  built  up  thus  at  random  by  the  infall  o( 
mixed  clastic  material,  should  have  been  highly  porous  and  should  havp 
retained  almost  a  maximum  of  susceptibility  of  compression  in  a  soli'l 
state.  Moreover,  the  distribution  of  the  infalling  matter  by  the  atmos- 
phere  and  hydrosphere  should  have  been  irregular,  so  that  compres,«in!i 
must  have  workefl  on  uneven  textures  as  well  as  varying  substances,  ami 
hence  should  have  produced  distortion.  As  this  was  the  distortiim  of 
solid  matter,  it  should  have  retained  a  record  of  the  action. 

The  mass  as  first  built  up  should  have  been  heterogeneous  in  chi'iiiical     ' 
composition  and  almost  totally  devoid  of  adjustment  in  resjx-ct  to  density 

'  Fnr  a  dlHciiKHlnn  of  tlip  Klif.  rat*>  nf  Infiill.  and  pliynlml  coudlllon  »r  planptnliul*' 
KPT  AHIcIp  xIII.  DlaKtroiihlKm  and   )1ie  formallvp  pm-puwR.      Jour,  of  flcol..  vol.  iitIU.       I 
Il0:;o|,  pp.  mW-701.  I 
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ttnd  other  physical  properties,  and  so  these  important  sources  of  reor- 
ganization involving  more  or  less  diastrophism  should  have  been  retained 
almost  intact.  More  or  less  of  air  and  water  should  have  been  entrapped 
in  the  growing  clastic  mass,  and  these  should  have  helped  to  fit  the  mis- 
lure  for  eruptive  action  later,  when  the  conditions  of  vulcanism  arose. 

The  lokq  Sekies  of  successive  Defobmations 

The  potential  resources  of  diastrophism  entrapped  in  the  growing  earth 
should  have  begun  to  take  on  the  early  phases  of  actual  diastrophism  as 
soon  as  appreciable  pressure  was  brought  to  bear  on  the  loose  material 
by  the  weight  of  added  layers,  and  this  initial  diastrophism  should  have 
been  followed  at  intervals  by  a  long  series  of  like  partial  self-compressive 
actions  brought  successively  into  function  as  the  mass  grew.  These 
wuuld  give  rise  to  various  forms  of  cumulative  distortion,  local  and  gen- 
eral. It  IB  immaterial  to  the  general  purposes  of  this  discussion  just  how 
the  deformationH  took  place,  beyond  the  basal  fact  that  it  was  the  dis- 
turtion  of  solid  matter.  Probably  the  whole  series  of  distortional  methods 
were  involved.  Probably  even  partial  liquefaction,  as  it  arose  here  and 
there,  gradually  and  selectively,  gave  rise  to  new  distributions  of  stresses 
and  led  on  to  diastrophism  of  the  enveloping  and  interstitial  solid  matter. 
It  is  a  vital  part  of  the  doctrine  here  urged  that  the  growing  globe  was 
kneaded  by  the  rhythmical  action  of  imposed  forces,  and  squeezed  the 
interstitial  fluent  matter  out  into  the  colder  zone  or  quite  to  the  surface. 
This  action  would,  in  its  own  fashion,  contribute  to  new  differentiations 
and  new  distortions  of  tlie  associated  solid  parts,  and  so  be  a  cooperating 
factor  in  diastrophism. 

The  early  and  pebsistent  Develoi-ment  of  Surface 
Diffebentiation 

One  of  the  early  effects  of  deformation  thus  instituted  should  have  been 
the  development  of  surface  reliefs  of  the  same  general  types  as  those  that 
ai-i-ident  the  surface  today.  These  surface  reliefs  must  have  bad  their 
inevitable  effects  on  the  currents  of  the  atmosphere  and  of  the  hydro- 
sphere, as  these  grew  up  with  the  growing  earth.  These  current*  in  their 
turn  should  have  reacted  on  the  surface  features"  much  as  tliey  <lo  now. 
The  whole  complex  of  surficial  agencies  should  tiiUB  have  begun  their 
intricate  and  mutually  reactional  work.  The  Iat*r  iiu'oming  matter  must, 
then,  have  been  more  and  more  differentiated  by  these  growing  surficial 
agencies.  They  thus  continuf<l  to  cooperate  with  the  volcanic  and  dias- 
trophic  actions  that  spring  from  tlie  deeper  horizons,  so  long  as  growth 
continued  to  be  effei'tive.     With  little  doubt,  a  maximum  of  difTerentia- 
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tion  was  reached  at  a  certain  stage,  after  which  there  set  in  a  long  effort 
to  reach  a  better  balanced  distribution,  a  movement  still  in  progress. 
Thus,  in  the  growing  stages,  each  partial  deformation  led  on  to  increased 
differentiation  of  the  incoming  matter,  and  so  laid  the  foundation  for 
still  further  diastrophism  when  these  effects  turned  into  causes.  In  a 
certain  sense,  the  complex  process  was  cumulative,  even  though  the  n'- 
sultiog  diastrophism,  taken  by  itself,  tended  toward  the  ecjuation  of 
stresses  and  a  better  balancing  of  inequalitieB. 

The  persistent  EifFECTS  of  the  deeper  Diastropuisu 

The  earlier  deformations  were,  of  course,  buried  deeper  and  deeper 
and  made  more  and  more  inaccessible  as  growth  went  on.  It  is  easy  to 
jump  to  the  conclusion  that  tliey  thus  became  inconsequential,  so  far  as 
the  outer  diastrophism  was  cuiiceriied;  but  a  little  consideration  will 
show  that  deformation  in  the  depths,  however  buried,  continued  to  be  a 
potent  factor  in  the  diastruphisni  above,  and  that  of  later  dates  as  well. 
All  the  earlier  distortions  gave  warped  foundations  for  all  later  com- 
pressions. Thus,  in  a  sense,  they  transmitted  their  deformities  and  weak- 
nesses to  the  terranes  built  on  them.  Besides  this,  and  more  important. 
the  matter  \n  the  depths  partook  anew  in  every  recurre,nl  stage  of  sdf- 
rompression.  This  was  logically  inevitable  unless  the  substance  reached 
a  state  of  incompressibility,  and  this  notion  has  become  untenable  sim-e 
the  compressible  nature  of  even  the  atoms  has  been  disclosed.  But  wv 
need  not  fall  back  uii  this,  for  a  comparison  of  tJie  density  of  the  earth 
with  its  neighbors  clearly  implies  that  central  compression  continued  to 
be  effective  so  long  as  the  planet  grew.'  After  a  careful  study  of  the  tuf . 
it  seems  safe  to  say  that  the  high  densities  of  the  interior  were  not  oriji- 
iiial,  nor  were  they  attained  at  any  single  stage,  but  rather  by  reiiewt-d 
stages  of  self-compression  which  affected  each  inner  layer  in  its  due  pro- 
{Hirtion.  This  is  clearly  implied  by  tlie  law  of  increasing  density,  whirh 
is  not  only  theoretically  sound,  but  is  supported  by  tlie  ranvergent  testi- 
mony of  several  lines  of  concrete  evidence,  in  additi(m  to  the  comparison 
already  cited. 

The  Pknethation  of  this  basal  DfASTRopiiisM 

The  considerations  just  skctcjicd  may  almost  serve  as  a  discussion  of 
tlie  depth  of  penetration  of  all  Huch  diastrophism  as  sprang  from  increase 
of  mass — that  is,  the  basal  diastrophism  that  especially  prevailed  durin.!; 
the  formative  stages  of  the  earth. 

■  DlaalrophlBin  ■□<]  tlip  rorniBtlvc  prorPBBPs.  X.  Thp  ordpr  of  magnltiidi'  of  thf  sbrin* 
age  of  tbe  forlh  dpdui.-ed  frnm  MarN,  VeDUH.  nnd  Ihe  Moon.  Jour,  of  Ueol..  rol.  iiilll 
(HIJO>.  pp.  1-IT. 


31,zo=CitjOO^^IC 


PKNETRATION   OF   BASAL   DIASTROPUISM  20:! 

If  the  earth,  aa  it  grew  up,  had  been  perfectly  homogeDeous,  layer  by 
layer,  aa  in  the  supposed  fiuidal  earth,  the  whole  effect  of  increased  mass 
might  have  been  merely  a  uniform  self-compression;  but  since  the  tex- 
ture and  composition  of  tlie  earth  was  very  heterogeneous  in  a  minute 
sense  and  became  regionally  diversified  in  a  large  sense,  by  reason  of  the 
external  agencies  that  aSected  its  growth,  it  was  inevitable  that  distor- 
tion should  arise  not  only  whenever,  but  wherever,  self-compression  took 
place.  It  is  thus  a  firm  inference  that  diastrophism  in  some  form  perme- 
ated, in  a  general  sense,  the  whole  of  the  self -compressing  body,  certainly 
the  whole  of  that  part  which  was  built  of  planetesimals.  The  concept  of 
merely  surfical  diastrophism,  in  response  to  general  stresses  in  a  body 
having  such  a  genesis,  seems  to  be  altogether  untenable.  Of  course,  there 
were  io4-al  distortions  of  all  sorts,  surficial  as  well  as  otherwise. 

The  total  Valuk  op  the  Sulf-cohi'Iiession 

I  have  recently  endeavored  to  determine  tJie  total  amount  of  self-com- 
preusiou  which  the  earth  suffered  in  the  course  of  its  history  by  means 
uf  a  comparison  of  its  density,  mass,  and  volume  with  the  densities, 
misnes,  and  volumes  of  the  planetary  bodies  nearest  to  it  and  must  like 
it  in  their  conditions  of  genesiH,  namely,  the  next  inner  planet,  Venus; 
the  next  outer  planet,  Msrs,  and  the  earth's  own  satellite/  The  method 
wnsisted  of  building  up  the  moon  with  niooii-atuff,  at  the  moon's  density, 
until  its  mass  equsled  that  of  the  earth,  when  its  dimensions  and  volume 
were  computed,  after  which  it  was  theorefivally  shrunk  to  the  density  of 
the  earth  and  the  amount  of  self -compression  determined.  Though  not 
the  actual  process  of  formation,  this  is  believed  to  fairly  represent  the 
degree  of  self-c< impression  which  would  take  place  in  a  growing  body 
under  terrestrial  conditions  between  a  stage  represcnt<Ml  "by  the  moon  and 
a  stage  represented  by  the  full-grown  eartli.  So,  in  like  manner.  Mars 
MS  built  up  of  Mars-stuff  at  Martian  density  and  the  wlf-compressioa 
Wtween  a  Mars-stage  and  the  mature  earth-stage  computed.  So  likewise 
of  Venus,  The  results  were  concordant  in  a  very  suggestive  and  satis- 
faotorj'  way  and  were  surprisingly  large.  Between  the  motm-stage  and 
the  earth-stage,  the  radial  contraction  was  found  to  be  73.5  miles,  the 
e<juivalent  of  4,.'i55  miles  contraction  of  the  circumference.  The  shrink- 
age between  the  Mars-stage  and  the  earth-stage  came  out  (il8  miles  radial 
ffhortening;  that  between  the  Venus-stage  and  the  earth-stage,  177  miles. 
By  a  comparison  of  these  results  with  one  another,  there  came  out  the 
further  very  important  conclusion  that  tlie  self-compression  became  pro- 

'  DlutrapliliiBi  aod  (hr  rormatlTp  prm'PSHPH.  X.  Thr 
■ar  it  Ilic  «rlh  itrdiicpit  trom  Mam.  IVoua.  anil  lb» 
ilttaoi.  pp.  1-lT. 
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gressively  greater  per  unit  mass  of  increase  during  the  later  stAges.  This 
bears  on  tiie  last  two  Bubjects  diseusaed,  in  thst  it  clearly  implies  pro- 
gressive  compression  of  the  inner  parts.  This  concloBion  is  supported  by 
cogent  theoretical  considerations.  A  similar  comparison  with  the  great 
outer  planets  is  not  admissible,  for  their  constitution,  their  intimate  his- 
tory, and  their  dynamics  are  distinctly  different.  They  appear  now  to  be 
largely  gaseous  and  to  have  been  gaseous  from  the  outset.  Hence  the} 
never  underwent  the  sifting  of  solar  material  that  was  necessary  to  gjvp 
the  stony  and  metallic  substances  that  m^e  up  the  main  mass  of  the 
solid  terrestrial  planets.'  The  giant  planets  were  Uios  evolved  under  the 
sole  control  of  gaseous  dynamics,  and  their  materia]  differs  radically  in 
proportions  from  that  of  tlie  small  solid  planets. 

An  elaborate  inquiry  was  made  to  see  if  any  part  of  the  great  Belt- 
compression  indicated  by  the  comparison  might  be  explained  reasonabh 
by  supposing  that  the  larger  bodies  had  a  higher  content  of  inherently 
heavier  matter,  but  the  evidence  was  found  to  favor  precisely  the  oppoeitp 
view.  Any  consistent  mode  of  genesis  makes  it  almost  certain  that  the 
larger  bodies  contain  relatively  more  light  material  than  the  smaller 
bodies.  It  appears,  then,  that  the  self -compression  of  the  eartli  was  not 
only  large  relative  to  ite  neighbors,  but  that  it  became  increasingly  lar^ 
as  the  earth-mass  grew,  and  hence  that  the  interior  participated  in  thi' 
w-lf -condensing  process  throughout  all  stages. 

The  Cal'se  of  the  basal  Diastrophish 

The  fundamental  source  of  this  great  self-compression,  and  of  (he 
diastrophism  that  necessarily  accompanied  it  because  of  the  differentiated 
and  solid  state  of  the  earth  material,  has  been  definitely  implied  in  the 
statements  already  made  and  needs  to  be  explicitly  stated  here  merely  foi 
emphasis. '  The  self-gravity  of  the  assembling  mass  converted  its  own 
potential  energy  of  position  into  the  actuating  energy  of  diastrophiEm. 
This  potential  energy  became  available  for  diastrophism  simply  because 
it  had  been  conserved  in  a  high  degree  by  the  slow  orbital  process  by 
which  the  earth  material  had  been  assembled.  Secondary  causes  of  dia-^- 
trophism,  of  course,  cooperated  with  this  basal  cause  at  all  stages.  Dur- 
ing the  formative  stages  the  basal  I'ause  of  diastrophism  was  probably 
more  dominant  relatively  than  in  the  later  stages.  In  these,  various- 
minor  causes  seem  to  have  had  a  higher  proportionate  value,  but  in  all 
stages,  I  think,  they  are  to  be  regarded  as  incidental  rather  than  funda- 
mental, at  least  in  the  main. 
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It  vill  help  to  clarify  thought  on  the  subject  if  we  distinguish  between 
the  leading  part  played  by  heat  as  the  chief  opponent  of  shrinkage  in  a 
gsaeo-molten  earth  and  the  secondary  part  it  plays  in  a  planetesitnal  earth 
»s  merely  the  product  of  comprcBBion.  In  a  gaBeo-molten  earth  heat  is 
the  nain  agent  that  stands  in  the  way  of  farther  immediate  collapse ;  it 
most  be  dissipated  before  sbriakage  will  go  further.  The  old  masters 
were,  therefore,  quite  logical  in  regarding  cooling  as  the  chief  prerequt- 
Kite  to  shrinkage  and  deformation ;  hence  cooling  seemed  to  be  the  chief 
cause,  whereas  it  was  merely  the  removal  of  the  hindering  agency.  But, 
ia  a  body  built  up  of  heterogeneous  clastic  matter  at  relatively  low  tem- 
peratures, it  was  at  first  the  solid  form  of  the  particles  that  stood  in  the 
Wky  of  their  collapse ;  later  it  was  the  lack  of  the  most  dense  chemical 
combination  and  physical  organization  that  stood  in  the  way.  Heat  was 
lliu£  only  one  of  a  group  of  restraining  agencies;  it  is  not  even  the  lead- 
ing one  in  the  order  of  action.  The  polarized  forces  of  the  solid  state  had 
to  be  overcome  and  heat  produced  by  compression  before  it  came  into 
action  to  aid  in  restraining  further  compression.  This,  of  course,  applies 
to  the  heat  mechanically  produced  rather  than  that  which  may  arise  from 
chemical  action  of  radioactivity.  When  heat  is  thus  produced  meehan- 
if-ally  it  becomes  a  cooperating  factor  of  notoble  importance ;  it  may  come 
to  be  a  leading  one,  or  even  the  chief  one.  But,  normally,  as  the  heat 
rises,  some  part  of  it  is  likely  to  be  consumed  in  endothermal  reactions, 
some  in  liquefaction,  some  in  crystalline  organization,  and  some  in  min- 
eralogical  and  other  forms  of  physical  reorganization.  In  so  far  as  any 
(urt  of  the  substances  engaged  in  these  complex  processes  takes  a  mobile 
form,  gravitotive  pressure,  aided  by  tidal,  nutotiunal,  rotational,  and 
other  forces  which  were  more  or  less  constantly  or  rhythmically  working 
concurrently  with  it,  tended  to  force  the  mobilized  products  into  higher 
and  cooler  zones.  They  thus  mechanically  disposed  of  that  part  of  the 
heat  which  produced  weakness  in  the  interior,  and  in  that  way  helped  to 
[ireiiene  its  rigidity.  There  is  evidence  that  this  restrained  the  interior 
action  to  the  limit  of  iiisipient  liquefaction  on  the  borders  of  the  solid 
state.  In  so  far  as  the  heat  arose  from  radioactivity,  the  source  is  likely 
lo  l»e  carried  out  with  its  products.  A  combination  of  this  sort  should 
naturally  work  toward  an  e<|uilibrium  status  between  the  pro<*.SHes  that 
tended  in  opposite  directions,  and  this  cquilibriilm  status  should  have  for 
its  boundary  line  the  fusion-solution  curve.  This  automatically  sepa- 
rated the  matter  that  was  rigid  enough  to  hold  its  place  and  do  its  part 
in  maintaining  the  rigidity  of  the  earth,  and  the  weak  yielding  part  that 
had  to  go  practically  as  fast  as  it  arose.  In  the  nature  of  tlie  case,  the 
tijuilibrium  status^and  its  determinant  on  tlie  liquid  side,  the  fusion- 
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solution  curve — was  accomniodated  at  all  depths  to  the  conditions  im- 
posed by  pressure,  by  the  constitution  of  the  material,  and  by  other  prop- 
erties. The  critical  temperature,  tlie  solution-fusion  temperature,  rose 
as  depth  increased,  but  the  rate  of  rise  was  dependent  on  too  many  un- 
known factors  to  permit  a  trustworthy  determination,  either  at  preaent  or 
in  the  past  The  essential  point  here  is  that  the  part  which  heat  plajed 
in  the  complex  action  was  that  of  a  product  rather  than  a  primary  dettr- 
mittant.  The  high  rigidity  of  the  earth,  now  so  well  authenticated,  seenu 
to  point  definitely  to  some  such  automatic  mechanism  as  this.  So  equally 
do  the  driblets  of  liquefied  matter  that  have  been  forced  to  the  surface,  or 
to  the  cool  surfictal  Eone,  in  all  the  geologic  ages,  past  and  present.  Tlie 
working  oat  of  this,  automatic  adjustment  by  the  cooperating  processes 
is  to  be  regarded  as  the  attainment  of  the  past  billioos  of  years  rather 
than  millions  of  years. 

ThK   TiMi;  OV   THIi    U08T    EFFECTIVE    DlAiiTROPHIC    ACTION 

Among  the  stroiijj  ^■oiitrasts  between  the  two  views  of  genesis  under 
(roniparisou  are  thmjc  that  relate  to  the  time  when  the  chief  diastrophir 
events  took  place.  If  the  «arth  was  at  first  a  globe  of  gas,  it  collapsed  as 
fast  as  the  radiation  of  itd  excess  of  heat  permitted.  The  time  consumeil 
in  the  proceus  was  relatively  abort,  for  radiation  takes  place  in  proportion 
to  the  fourth  power  of  the  tfmperature,  and  the  temperature  in  this  case 
was  necessarily  high,  according  to  Lane's  law.  If,  on  the  oth^r  hand,  the 
earth  was  formed  by  the  ingathering  of  planetesimals,  the  process  fol- 
lowed the  laws  of  orbital  dyiianiicx  and  the  formative  process  was  very 
much  slower.  It  may  have  taken  three  or  four  billion  years.  In  thiK 
lung  period  of  gradual  upbuilding,  the  graded  adjustments  just  describeil 
should  have  had  time  to  work  out  their  mutual  adaptations. 

In  another  respect,  also,  the  contrast  was  striking.  In  the  traditional 
gaseo-liquid  earth,  di  as  trophism  did  not  start  until  after  the  formative 
process  had  ceas<.'d  and  encrusting  hati  begun.  In  the  planetesimal  earth, 
the  diastrophism  began  with  the  earliest  accessions  and  ran  progrfmrrly 
through  all  the  formative  xfaijfs,  and  through  all  later  time.  It  appar- 
ently grew  in  effectiveness  during  the  main  assembling  of  material,  but 
it  ap|)ears  to  have  dccliiietl  when  the  accessions  fell  to  a  relatively  in- 
effectual rate.  The  most  effective  diastrophism  thus  fell  vtlhin  the  for- 
iiiatire  eonn.  The  sum  total  of  diastrophism  in  the  whole  earth  body  wa? 
thus  greatest  during  the  formative  eons.  It  is  probable  that  during  any 
large  fraction  of  the  formative  ages  greater  diastrophism  took  place,  even 
in  the  surficial  shell,  than  during  any  of  the  later  periods  of  equal  lengtli. 
though  tliis  can  not,  iicrha]is,  be  affirmed  with  the  same  confidence,  for  it 
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mchee  the  distribution  of  diastrophic  effects  which  depends  on  other 
considerations  than  those  under  study  here.  The  observational  evidence 
Kspecting  tlie  Archean  Era,  whose  terranes  are  closest  of  kin  to  those  of 
the  fonnatire  stages,  seems'to  support  the  view  that  the  surEcial  diestro- 
phism  was  then  greater  than  during  any  period  of  equal  length  in  later 
time. 

Beakinos  of  the  planetesihal  View  on  Vulcanish 

Under  the  planetesimal  view,  vulcaniam,  as  recorded  in  the  geologic 
ages,  arose  chiefly  from  the  partial  selective  liquefaction  of  entectic  ma- 
terials as  they  happened  to  be  in  contact  here  and  there  in  the  body  of 
the  earth.  The  squeezing  of  this  mobilized  material  to  or  toward  the 
surface  by  the  differential  pressures  engendered  within  the  earth-body, 
iuc'luding  the  graded  stresses,  more  intense  below  than  above,  imposed  by 
cmtMide  bodies,  was  the  main  extrusive  factor  of  the  oasc.  Vulcanism  is 
thus  ill  itself  littie  short  of  a  phawe  of  diastrophlsm.  The  heterogeneity 
of  the  earth -substance,  the  inequalities  of  its  distribution,  and  the  preva- 
lent* of  greater  stresses  below  than  above  combined  to  promote  both 
processes  and  make  them  helpful  companions  in  action.  The  distortions 
of  tlie  defomiative  process  are  the  natural  counterparts  of  the  partial 
inubilizations  and  displacements  of  the  volcanic  process. 

In  a  gaseo-molteii  earth,  all  of  whose  material  passed  gradually  from 

Vyry  liigh  to  much  lower  temperatures,  while  the  mass  was  stirred  by  con- 

^"«tioii  at  all  stages,  there  should  have  been  developed  and  brought  to 

the  surface  all  the  gaseous  material  in  the  earth -substance  which  high 

neat  could  set  free.     When  these  hot  gases  entered  the  hot  atmosphere 

'^lieir  molecular  velocities  should  have  been  at  a  maximum,  and  the  rati' 

Slid  tlie  ext4>nt  of  their  escape  from  the  atmosj>herc  should  have  exceeded 

that  of  any  later  time.     When  the  loiijf  boiling  process  ceased  and  the 

Ticnisting  of  the  liquid  sphere  began,  there  slumld  have  been  left  in  the 

niassa  minimum  of  gaseous  material.     Only  that  small  measure  whicli 

might  be  held  tliere  bv  the  partial  pressure  of  like  gastis  in  the  atmosphere 

»ould  be  assignable  under  these  conditions.    The  earth-body  should  then 

hove  been  scantily  supplied  with  explosive  volcanic  gases.    It  would  seem. 

therefore,  that  an  cartli-body  formed  in  this  way  should  be  unsuited  to 

e  rise  to  such  a  degree  of  gaseous  vulcanism  as  is  actually  manifested. 

Jast  as  a  once  molten  eartli  must  have  exhausted  its  main  resources  of 

(liastrophism  before  a  record  of  diastrophism  coulil  be  made,  so  it  must 

fiaie  exhausted  in  its  hot  youth  essentially  all  its  resources  of  explosive 

vulcanism  before  a  solid  environment  was  provided  to  give  effect  to  it* 

explosive  possibilities. 


t.yGoo'^lc 


208      T.  C.  CHAMBBIILIN — GROUNDWORK   OF   KABTh'S   DIA3TB0PHIS^^^ 

In  the  case  of  the  moon,  the  logic  is  even  more  cogent,  for  even  in  k  ^ 
present  cold  full-grown  state  its  gravity  is  insufficient  to  hold  an  appr-^ 
ciable  atmosphere.  Certainly,  then,  in  its  earlier  and  hotter  stages,  if  it 
were  once  molten,  aii  ite  vulcanic  gaaee  should  have  escaped  as  faet  cas 
tliey  were  set  free,  and  it  should  have  cooled  into  a  solid,  gasless  rates. 
The  highly  explosive  vulcanism  of  the  moon  implied  by  the  special  fea- 
tures of  its  present  pitted  surface  and  the  long  lines  of  debris  that  radiate 
from  some  of  its  craters,  irrespective  of  the  reliefs  of  the  surface,  find 
ready  cause  under  the  alternative  view,  beequae  it  supposes  Uiat  gaseous 
and  gas-forming  materials  were  entrapped  during  the  planetesimal 
growtli.  This  entrapped  material  would  become  an  ample  source  of  ex- 
ploBive  vulcanism  at  a  later  stage,  when  interna)  ocmditions,  like  those ' 
jtreviously  sketched  in  connection  with  the  earth,  brought  into  play  their 
Holveiit  and  gas-freeing  activities,  while  differential  pressure  forced  the 
gases  and  other  mobile  matter  to  the  surface.  The  fragmental  state  of 
tlie  outer  matter  in  the  absence  of  the  cementing  effect  of  a  hydrosphere 
sliould  give  peculiar  effect  to  the  explosive  action. 

Bearings  of  this  View  on  igneods  Petbolooy 

The  prevailing  view  of  magmas,  when  regarded  as  inheritances  from 
a  once  molten  earth,  usually  makes  them  either  residues  of  the  original 
molten  mass  or  else  re-eolutions,  en  masse,  of  rock  previously  solidified. 
In  either  case  the  solidifying  process  is  usually  interpreted  as  involviiil 
a  diHerentiation  into  a  series  of  derivatives  which  separate  more  or  les» 
successively  from  the  original  magma.  Magmatic  differentiation  thn* 
l)ecomes  the  essence  of  ignuous  petrology.  Its  problems  become  essen- 
tially questions  of  descent  from  an  assumed  primitive,  or  quasi-primitive, 
magma.  In  the  field,  the  critical  issue  is  to  find  all  the  derivatives  re- 
quired to  make  up,  quantitatively  and  qualitatively,  a  consistent  primi- 
tive, or  quasi-primitive,  magma.  The  embarrassments  are  many  ami 
formidable. 

On  the  other  hand,  if  magmas  eoiisist  merely  of  partial  solutions  o( 
iietorogeneous  mixtures,  such  as  would  naturally  l>e  formed  by  a  multi- 
tude of  small  Iwdies  of  iliffcrent  natures  falling  in  at  random,  they  would 
quite  certainly  Im'ome  highly  iliversified  in  the  making.  The  primarj- 
I'rolilcm  wouiil  then  lie  in  the  i/nieraliini  of  the  magmas:  in  the  ascenl 
<>(  magmiiK  rathiT  tlmii  llicir  lirxinit.  While  differentiation  In  the  procesi? 
iif  siiliiiilii'iitidii  hduIiI  still  rt'niHiri  ii  fjictor,  it  would  be  a  secondary  mat- 
ler,  in  tlie  .seiisr  tluit  it  was  iicirssarily  conditioned  by  the  previous  gener- 
ative proci'ss.  The  inquiry  in  the  Held,  in  this  case,  should  start  with  the 
evidence  iis  to  what  iM'tmlugical  spwies  and  varieties  are  actually  present. 
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and  thence  »ieek  the  prnbable  mofle  of  genesis  where  the  possibilities  are 
large  and  the  embarrassmentH  few.  Each  particular  ease  presents  purely 
an  a  posteriori  problem  of  its  own.  It  is  wholly  unembarrassed  by  any 
rtMjuiremeiit  that  its  factors  shall  sum  up  int»  a  speculative  primitive 
nugma. 

Bearinos  <>.v  tub  Problkh  »v  Isostany 

A  liquid  earth  should  be  an  ideal  example  of  perfect  isostasy  in  the 
lii)rhest  sense — that  is,  isostasy  in  perfect  horizontal  as  well  as  vertiml 
ailjustineQt.  The  earth's  crust,  as  it  began  to  form,  should  have  inherited 
this  quality  in  full  perfection.  Such  distortions  as  later  arose  in  the 
rnist  from  cooling  aad  shrinking  were  the  beginning  of  a  long  series  of 
actions  that  were  destructive  of  this  perfect  isostasy.  Diastrophism  is 
thus  made  to  function  at  the  outset  as  an  antagonist  of  isostasy.  But  its 
normal  function,  as  we  find  it  in  action  today,  is  tributary  to  isostasy. 
The  surface  forces  of  erosion,  solution,  transportation,  and  deposition, 
Ihat  must  have  set  in  as  soon  as  the  deformation  of  the  cruet  exposed  it 
tu  xnbaerial  agencies,  tended  to  counteract  the  effects  of  the  first  deforma- 
tions and  thus  to  reduce  the  deviation  from  the  originally  perfect  isostasy. 
The  interplay  of  diastrophism  and  the  surface  agencies  tends  in  general, 
but  not  in  all  particular  cases,  toward  the  equalization  of  weight  among 
the  earth  columns— that  is,  toward  isostasy.  If  diastrophism  produces 
inequalities  at  variance  with  isostasy,  tlie  surficial  agencies  and  creep  tend 
to  restore  isostasy;  if  diastrophism  produces  inequalities  in  the  interest 
uf  isostasy,  the  surface  agencies  tend  to  smooth  out  the  inequalities  in 
disregard  of  isostasy.  The  two  sets  of  agencies  tend  to  hold  one  another 
in  check.  Starting  with  perfect  isostasy  and  with  little  more  than  the 
meager  effects  of  cooling  to  actuate  diastrophism,  we  should  not  expect 
tiien>  mtttually  checking  processes  to  permit  inequalities  to  get  far  from 
the  original  isostataic  state.  On  the  assumption  of  a  once  molten  eartl), 
the  first  and  greatest  problem  of  isostasy  is  tlien  to  find  an  adequate  and 
i-onsistent  explanation  of  the  profound  differences  of  density  that  are 
revealed  hv  present  evidence.  Many  years  ago,  when  I  still  accepted  the 
molten  theory,  I  worked  industriously  on  this  problem  of  the  differentia- 
ti"n  of  what  must  once  have  been  very  homogeneous  material  theoretic- 
ally, hut  I  never  reached  a  solution  that  met  the  full  requirements.  The 
fimt  few  steps  seemed  easy  and  promising,  but  very  soon  the  countoracf- 
iiig  processes  rose  in  efficiency  and  teiidwl  to  destroy  the  gain  that  had 
bci'n  made.  The  combination  of  processes  seemed  to  confine  the  extent 
iif  their  differentiating  effects  to  limits  much  short  of  the  effects  actually 
in  evidence.    I  am  not  aware  that  any  one  has  had  better  success. 
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On  the  other  hand,  the  planetesimal  view  brings  into  play  a  group  <if 
effective  processes  which  tended  to  cumulative  differentiation  of  the  mn- 
terial  of  the  earth  from  the  earliest  stage  of  accession  throughout  the 
whole  period  of  growth,  though  these  were  also  antagonized  by  some 
counteracting  agencies;  but  the  limit  in  this  case  was  very  much  broailer. 
As  a  result,  the  full-grown  earth  inherited  profound  differentistioiia  of 
material.  These  had  a  broad  regional  distribution  correlated  with  the 
currents  of  the  atmosphere  and  hydrosphere  as  well  as  the  main  liiie^  of 
early  diastrophism.  From  these  fundamental  differentiating  ageneiiv 
there  arose  segments  of  lighter  and  lieavier  material  of  continental  anil 
oceanic  dimensions.  These  diversities  are  held  to  be  the  specific  ancestors 
of  those  that  now  manifest  themselves  in  the  great  reliefs  of  the  earth. 
It  is  the  prodigious  task  of  surface  agencies  and  of  diastrophism,  working 
together,  to  bring  about,  in  the  course  of  coming  ages,  a  closer  equation 
between  these  segments  of  lighter  and  heavier  matter.  This  will  require 
a  vast  lapse  of  time;  but  we  have  no  wish  to  hasten  its  completion.  The 
perpetuation  of  land  life  hangs  on  the  extent  of  the  delay  in  its  accom- 
plishment. 

Probably  one  of  the  greatest  contributions  of  isostaay,  when  its  values 
shall  be  fully  realized,  will  be  its  testimony  to  the  significance  of  those 
wide  and  deep  inequalities  of  substance  which  make  possible  the  great 
reliefs  of  the  present  earth's  surface. 
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The  material  Eabth  and  the  dynamic  Earth 

The  earth,  like  ourselven,  haa  a  material  organization  and  a  dynamic 
urganizatioo.  In  the  early  tiistory  of  our  race  we  gave  chief  attention  to 
physical  affairs,  but  the  time  came  at  length  when  we  began  to  gather 
together,  as  we  do  here  today,  to  exchange  the  products  of  our  dynamic 
personalities.  I  think  you  will  agree  that  the  latter  is  the  greater  phase 
of  man.  So  the  physical  aspects  of  the  earth  have  received  chief  atten- 
tion thus  far ;  but  the  time  has  come,  I  think,  when  the  study  of  the  eartli 
iJiould  turn  more  largely  to  the  dynamic.  Very  naturally  the  outer  and 
more  intangible  phases  of  the  dynamic  earth  have  received  scant  atten- 
tion, eitlier  from  geologistfi,  concerned  primarily  with  the  earth-body 
itself,  or  from  astronomers,  concerned  primarily  with  the  more  fascinat- 
ing displays  of  the  distant  heavens.  The  inner,  invisible  heavens,  into 
which  the  outer  reaches  of  the  dynamic  earth  penetrate,  have  lain  neg- 
lected as  the  borderland  between  two  more  tangible  domains — as  a  sort 
of  "turn-row"  between  two  better  cultivated  fields  of  absorbing  interest. 

'  Muatciipt  rewlTw)  b,v  thp  Recrftary  ot  the  Soclelj-  FfbriiBry  3.  in:;i. 
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Like  the  hroai)  "turn-rows"  between  the  pioneer  farmft — with  which  ve 
of  the  older  school  were  once  so  familiar— its  cultivation  has  been  left  for 
a  later  day.    It  is  still  largely  virgin  soil. 

It  has  therefore  seemcil  worth  while  to  assemble  in  diagrammatic  form 
some  of  the  more  salipnt  features  of  the  dynamic  eartli.  In  this  I  am 
little  more  than  a  compiler.  I  shall  do  little  more  than  put  together 
what  I  have  picked  up  here  and  there  during  the  last  twenty-five  years 
and  found  useful  in  the  study  of  earth  problems.  The  compilation  may 
serve  your  convenietire,  for  the  items  were  found  scattered  through  a 
wide  range  of  literature  relating  to  several  different  subjects;  some,  in- 
deed, have  not  been  given  a  definite  literary  form  at  all.  These  I  have 
drawn  out  from  those  who  happened  to  have  them,  or  happened  to  have 
tiie  unrelated  material  from  which  they  might  be  organized. 

It  is  too  familiar  to  need  saying  that  the  gravity  of  the  earth  reaches 
out  far  beyond  its  material  organization  and  brings  to  bear  a  certain 
measure  of  distant  influence;  it  is  not  so  clearly  recognized  that  this  risfs 
to  certain  specific  degrees  of  domituince  over  definite  portions  of  tlie  spac« 
around  the  earth  and  falls  to  a  merely  negligible  degree  of  influence  over 
the  space  beyond  that.  Only  the  controlling  influences  interest  us  as 
students  of  the  earth ;  but  these  are  vital.  I  shall  deal  with  little  beside 
the  gravity  prowess  of  the  earth,  starting  with  the  earth's  gravitative 
sphere  of  control.  The  earth  is  envelope*!  by  spheres  of  electrical  and 
magnetic  influence,  but  the  present  state  of  our  knowledge  does  not  war- 
rant an  effort  to  define  these.  And  then  there  are  many  intimate  forcen — 
crystalline,  colloidal,  chemical,  cohesive,  adhesive,  etcetera — which  deter- 
mine the  more  immediate  structures  of  the  earth-body.  Of  these  I  phall 
not  speak ;  I  merely  wish  here  to  recognize  that  they  are  essential  in  a 
complete  picture  of  the  dynamic  earth.  The  gravitative  influence  of  the 
earth  must  stand  as  its  dynamic  representative ;  this  is  not  unfitting, 
since  it  appears  to  be  the  most  important  of  the  outreaching  forces. 

TirB  Eaiith's  Spiikre  of  hravitative  Coxtrol 

Many  years  ago  Laplace  recognized  that  the  earth  and  similar  bodit^ 
had  siHH^tal  spheres  of  gravitative  influence,  and  the  phrase  "spheres  <>{ 
influcn<'e"  came  into  use  among  astronomers  as  the  technical  term  for 
this,  so  far  as  the  subject  received  attention  at  all.  The  phrase  is  em- 
ployed in  a  sense  closely  like  that  in  use  in  international  affairs;  it  doe- 
not  BO  much  designate  the  form  as  the  degree  of  influence.  The  "sphere 
of  iiifluem^'"  of  Japan  in  China  is  not  spherical,  nor  does  the  "sphere  "f 
influence"  of  a  planet  imply  that  it  is  spherical,  though  it  ia  usuaJK 
spiicroidal. 
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Id  b  complete  analysis,  the  gravitative  influence  of  a  planet  extends 
indefinitely  outward — at  least  in  Newtonian  dynamics — but  at  a  certain 
point  the  domittance  of  gravitative  influence,  in  any  given  sense,  passes 
from  the  planet  to  some  neighboring  body  or  assemblage  of  bodies,  and 
po  the  phrase  "sphere  of  control"  seems  preferable,  as  it  carriea  its  defini- 
tion on  its  face.  The  control  is  not  absolute  or  unqualified ;  it  is  usually 
subordinate  to  a  higher  control.  It  usually  relatee  only  to  the  immeduUe 
control  over  bodies  that  have  like  motions,  as  when  larger  and  smaller 
masses  are  moving  about  the  sun  in  much  the  same  way,  the  larger  con- 
trols the  immediate  movements  of  the  smaller  within  its  sphere  of  con- 
trol, though  the  motions  of  both  are  controlled  by  the  sun.  This  is  merely 
a  generalization  of  Moulton's  concrete  definition,  "the  area  within  which 
a  planet  can  control  a  satellite."  '  The  relationship  is  a  relative  one,  and 
there  are  some  refinements  of  definition  that  need  not  embarrass  us  here. 
The  special  conditions  of  any  particular  case  must,  of  course,  be  recog- 
nized in  treating  it.  All  that  is  important  here  is  the  essential  concept 
of  the  sphere  of  control  and  a  realization  of  its  functions  in  the  life  of 
Ihe  body  under  study. 

The  sphere  of  control  of  the  earth  is  its  dynamic  domain.  It  forms 
Ihe  truest  and  best  delimitation  of  the  earth  as  an  organized  body  and  as 
a  subject  of  study.  It  is  the  most  distinctive  feature  of  the  greater  earth. 
It  emhraccH  more  than  five  million  times  the  space  occupied  by  the  ma- 
terial earth.  But  the  greater  earth  is  really  not  bo  much  this  outlying 
inrifible  part  as  it  is  the  whole  combination,  the  physical  center  supple- 
mented by  the  outreaching  djTianiic  domain.  In  ultimate  analysis,  the 
material  and  the  dynamic  portions  are,  perhaps,  only  different  phases  of 
the  xame  ultimate  entity,  whatever  that  may  be.  At  any  rate,  we  know 
of  no  way  by  which  the  two  can  be  separated  in  our  present  state,  though 
we  must  treat  them  as  more  or  less  distinct.  We  haye  come  here  to  ex- 
change the  products  of  our  dynamic  personalities ;  but  we  brought  our 
Uxlies  with  us;  if  we  had  not,  I  fear  the  value  of  our  merely  dynamic 
efforts  would  have  been  negligible. 

Diagram  I  is  introduced  to  illustrate  the  general  relations  of  the  sphere 
of  control  of  the  earth  to  the  sun.  It  is  to  be  understood  that  the  su^'s 
s|>liere  of  influence  envelops  the  whole  and  stretches  far  beyond  the  limits 
of  the  diagram.  On  the  scale  here  used,  the  solid  earth  is  a  mere  dot;< 
the  small  circle  embracing  it  is  the  orbit  of  the  moon,  while  the  sphere  of 
control  is  outlined  by  the  oval  that  embraces  both  these.  At  the  left  the 
sun  is  represented  on  the  same  scale  as  the  earth's  sphere  of  control.  The 
'olume  of  the  latter  is  somewhat  more  than  twice  that  of  the  sun.    The 

'The  BphprM  of  aetlTlty  of  planets.     Popnlar  ABfronomj',  no.  60,  1809. 
XV — Bull.  Gfol.  Hoc.  Am.,  Vol.  32,  1B20 
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distance  between  Uieee  needs  to  be  mtUtiplied  125  timea  to  be  in  proper 
proportifm. 

It  is  of  no  little  importance  in  dynamic  studies  to  keep  erer  in  raind 
that  the  earth's  sphere  of  control  not  only  rerolvea  within  the  sphere  of 
control  of  the  snn,  but  that  its  position  is  dsep  within  it.  The  bdl'i 
sphere  of  control  extends  at  least  several  himdred  times  as  far  beyond  tlie 
earth  as  the  earth  is  from  the  snn.  Its  precise  extent  has  not  been  deter- 
mined; indeed,  is  not  determinable  at  present,  from  lack  of  snfficieiit 
data  respecting  competitiTe  attractions  outside.  I  hare,  faowerer,  m- 
d^vored  to  reach  an  approximate  notion  of  its  extent  by  projecting 
graphicidly  certain  dynamic  indications  of  its  extent  found  in  the  ontei 
planets.    These  imply  that  the  radius  of  the  sphere  of  control  of  the  no 
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DUGRAM    I 
'       Scak  about     J4«.toA.MSAH.HB 
Ftaraa  1.— Otagmn  IdHttrBHng  gmtral  RetaHoM  of  Bpti*r»  vf  OsMfrol  cf  Barih  H  Am 
BL,  Mrtb  i  O.  Bf  „'  orbit  nt  moon ;  B,  B.  C,  Hith'i  ipbere  at  control.    Scale  of  nu  ud 
R.  B.  C.  the  nme :  acale  at  dlataoee  between  them  1/lSS.     aenneebeln,  aecordlnf  to 
Moullon.  lies  JaM  OuUlde  ornl  E.  S.  C.  on  rtsbt. 

mny  l>e  of  the  order  of  700  aetronomical  iinitt) — that  is,  700  times  the 
distance  of  the  earth  from  the  fiiin — bnt  the  liability  to  error  in  this  ex- 
trapolation is  largo.  Tlie  dynamic  earth  thus  revolves  deep  within  a 
dynamic  sphere  niiicli  more  extensive  and  much  more  powerful  than  it- 
Kcit.  Because  of  this  overcontrol,  all  problems  that  bring  these  competi- 
tive faftors  into  play  must  lie  worked  out  in  the  light  of  this  relationship. 
Even  more  than  this,  1  find  it  helpful  to  picture  the  whole  of  cosmic 
{'pace  as  stresfled  by  tlie  gravity  pulls  that  make  up  the  spheres  of  control 
of  all  the  celestial  host,  not  only  considered  separately,  bnt  in  their  nat- 
ural groupings.  As'  all  the  celestial  bodies  are  in  motion,  it  is  necessary 
to  think  of  these  spheres  of  control  as  shifting  in  extent,  form,  and  force 
as  tliey  change  their  positions  relative  to  one  another. 

Neither  the  problem  of  the  earth's  genesis  nor  that  of  its  atmosphere 
can  l)c  tliscussed  tmstworthily  without  due  consideration  of  the  stress- 
environment  under  which  the  greater  earth  had  its  origin  and  has  had 
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its  being  ever  since.  The  sphere  of  control  of  the  earth-nucleua  was  a 
vital  factor  in  the  collection  of  the  planetesimalB  to  which  the  earth's 
main  growth  is  assigned  tinder  the  planetesimal  hypothesis.  A  related 
process  is  the  assigned  means  by  which  the  essential  constitution  and 
measurable  uniformity  of  the  earth's  atmosphere  haa  been  maintained. 
The  latter  most  eaaily  and  concretely  illustrates  the  indispensable  impor- 
tance of  the  earth's  sphere  of  control  in  its  vital  career.  According  to 
the  kinetic  theory  of  gases,  the  molecules  of  the  earth's  atmosphere  are 
liable  to  acquire  very  high  velocities  by  reason  of  successions  of  collisions 
and  rebounds  whose  eifects  happen  to  be  cumulative.  It  follows  that  cer- 
tain molecules  are  escaping  from  the  control  of  the  earth  at  more  or  leas 
frequent  intervals,  as  also  from  all  other  bodies  that  have  effective  atmos- 
pheres. The  critical  velocity  of  escape  and  the  frequency  of  escape  are 
ilptermined,  not  by  the  attraction  of  the  earth  regarded  as  a  body  isolated 
\a  space,  hut  by  the  relative  values  of  its  attraction  and  that  of  its  chief 
competitor,  the  sun.  In  neglect  of  this,  it  has  been  common  practice  to 
take  the  parabolic  velocity  of  the  earth — that  is,  the  velocity  that  would 
rarry  a  molecule  to  infinity — as  "the  critical  velocity  of  escape."  This 
prevalent  error  and  others  related  to  it  have  greatly  retarded  the  general 
acceptance  of  the  important  doctrine  of  Stoney,  that  the  atmospheres  of 
planets  are  controlled  by  the  gravities  of  the  planets.  It  is  obvious,  how- 
PTer,  on  the  inspection  of  the  diagram,  that  it  is  only  necessary  that  a 
molecule  should  acquire  velocity  enough  to  carry  it  beyond  the  limit  of 
the  earth's  sphere  of  control,  into  the  sphere  of  control  of  the  sun,  to 
insure  its  loss  to  the  earth's  atmosphere.  It  is  obvious  from  a  mere  in- 
spection of  the  case,  in  the  light  of  the  kinetic  theory  of  gases,  that  the 
Mrth  must  be  throwing  molecules  into  the  sphere  of  control  of  the  sun 
all  the  time,  and  the  sun  must  be  reciprocating  in  due  measure.  The 
interchange  naturally  tends  toward  an  equilibrium.  Whichever  ultra- 
atmosphere  becomes  the  richer,  for  any  reason,  throws  the  more  molecules 
into  the  one  which  is  the  poorer  until  the  two  roach  a  stage  of  equivalent 
richness.  In  this  automatic  way  the  control  of  the  atmosphere  is  assured 
and  the  conditions  essential  to  terrestrial  life  arc  perpetuated.' 

Diagram  II  illustrates  the  sphere  of  control  of  the  earth  on  a  larger 
scale,  with  the  sphere  of  "equal"  gravity  added.  The  smaller  radius  of 
the  earth's  sphere  of  control  is  about  1.000,000  kilometers  (620,000 
miles)  and  its  greater  radius  about  1,500.000  kilometers  (930,000  miles). 
The  latter  lies  in  the  line  joining  the  sun  and  earth.  The  counterglow 
[Gegemckein)  lies  just  outside  it,  opposite  the  sun,  according  to  the 
theory  of  Moulton.    The  limit  of  "equal"  gravity  between  the  earth  and 

■The  orlElD  ot  th«  tarth,  IfllO,  pp.  3B-ST. 
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the  sun  is  represented  by  the  line  E,  0.,  within  the  orbit  of  the  moor, 
0.  bt.  At  first  thought,  this  position  seems  qoite  anom&lous,  if  not  ab- 
surd. The  moon  is  controlled  bj  the  earth,  and  yet  its  orbit  is  repre- 
sented as  lying  outside  the  line  marking  equal  gravity  between  the  wui\ 
and  earth.  The  seeming  anomaly  depends  on  the  relative  motion  of  the 
bodies  concerned.  If  they  were  all  standing  still  or  were  all  moving  at 
equal  speeds  in  the  same  direction,  a  particle  on  the  line  E.  G,  would  bn 
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attracted  equally  by  the  earth  and  by  the  sun ;  all  bodies  outside  E,  G. 
would  be  drawn  most  toward  the  aun.  But,  as  a  matter  of  fact,  the  eartii 
and  the  moon  are  both  moving  around  the  sun  in  very  similar  orbits,  and 
hence  the  centrifugal  component  of  their  motions  neutralizes  a  (xinsider- 
able  part  of  the  attraction  of  the  sun,  without  appreciably  affecting  their 
own  mutual  attractions.  Their  mutual  attractions  are  therefore  reU- 
ively  more  effective  than  the  sun's  attraction  for  them.  This  is  a  case  of 
Telalivily,  in  the  old  familiar  sense  of  the  term.    This  seeming  anomilj 
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KARTH  B  SPHERE   Of  ORAVITATIVS  CONTROL  ill 

F  fenes  to  make  more  clear  juat  what  iB  meant  by  sphere  of  control,  as  the 
f  term  is  here  used — that  is,  control  under  the  conditions  of  relative  motion 
of  the  bodies  under  consideration.     Moulton's  concrete  definition  most 
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conveniently  files  in  mind  the  essential  conditions,  "the  space  within 
which  a  planet  may  hold  a  satellite,"  or  the  equivalent  of  this  in  gener- 
alized terms. 
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The  Rochb  Liuit 

Diagram  III  is  intended  to  visualize  certain  djiiainic  distinctioDS  much 
nearer  the  eartl>-body.  The  outer  line,  B.  L.,  repreaents  the  Boche  limit 
of  the  earth.  This  is  tlie  limit  within  which  the  differential  attractioo 
of  the  earth  would  disrupt  a  satellite  approaching  it  on  an  inrunning 
spiral,  under  certain  specified  conditions.  This  important  dynamic  fea- 
ture was  disclosed  by  the  mathematical  researches  of  Eduard  Roche,  of 
Montpelier,  France,  more  than  a  half  century  ago;  but  it  has  not  received 
all  the  recognition  it  merits.  It  interposes  a  bar  to  certain  coemological 
evolutions  which,  in  neglect  of  it,  have  been  rather  freely  posttdated  and 
widely  accepted.  The  specific  conditions  on  which  Boche  based  hia  com- 
putations were  rather  artificial.  The  planet  and  satellite  were  both  a*- 
Bumed  to  be  homogeneous  and  incompressible  and  of  the  same  density, 
while  cohesion  was  neglected.  Under  these  assumptions  the  limit  of  dis- 
ruption was  placed  at  2.44  times  the  radius  of  the  planet.  When  properly 
modified,  the  dynamics  involved  are  applicable  to  a  wide  range  of  actual 
instances.  The  Boche  limit  on  tlie  diagram  is  placed  at  11,000  milea 
from  the  earth's  center,  following  Sir  George  Darwin.  This  recognizes 
a  certain  measure  uf  concentration  of  matter  toward  the  center  of  the 
earth,  but  no  allowance  is  made  for  the  elastic  factor  that  is  inevitably 
present  because  of  compression  and  internal  heat.  Most  compressed  hot 
bodies  would  obviously  tend  to  explode  if  their  gravity  was  neutralized 
in  any  large  measure  by  the  attraction  of  another  body.  This  ezpansive 
factor  would  probably  much  more  than  offset  cohesion.  If  the  moon  were 
to  approach  the  earth  on  an  inrunning  spiral,  I  think  it  would  be  frag- 
mented by  expansion  and  explosive  action  much  before  it  reached  the 
assigned  Roche  limit.  The  rings  of  Saturn  are  possibly  made  up  of  the 
dissevered  and  scattered  residue  of  one  or  more  satellites  drawn  witliin 
the  Roche  limit  by  the  growth  of  Saturn  in  an  early  stage  of  their  for- 
mation. 

Tidal  Zonbs 

Inside  the  Boche  limit  is  another  dynamic  boundary  of  some  signifi- 
cance. It  defines  areas  within  which  the  tidal  reactions  of  the  earth  and 
moon  have  contrasted  effects  on  the  orbit  of  the  moon.  Outride  the  line 
T.  Z.  tlie  tidal  reaction  between  the  earth  and  the  moon  has  the  effect  of 
driving  the  moon  into  a  constantly  enlarging  orbit;  on  the  inside  it  would 
draw  the  moon  toward  the  earth.  This  critical  distinction  was  recognized 
by  Kelvin  and  Darwin,  and  the  dividing  line  has  been  recomputed  by 
Moulton  and  Lunn  independently.    Roundly,  for  the  present  rate  of  roU- 
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tioii,  it  is  !),000  miles  from  the  center  of  the  eartli.  This  feature  adda  its 
out]  embarrassRient  to  tliat  of  tlie  Koche  eiFect  in  all  attempts  to  work 
nut  into  8[»ecific  ternw  a  theory  of  the  origin  of  the  moon  by  the  fission 
iif  an  eart)i-moon  l)0(ly.  A  still  more  formidable  difBculty  arises  from  the 
iletermination,  by  Moulton,  that  the  fission  of  au  earth-moon  body,  if 
assigned  to  progressive  rotational  changes  (sach  as  the  passage  from  an 
(iljlate  to  a  prolate  spheroid,  thence  to  a  pear-shaped  body  which  by  pro- 
gressive constriction  divides  into  two  bodies),  could  only  take  place  by 
shrinkage  to  a  density  far  beyond  that  now  attained — indeed,  far  beyond 
tiiat  rstionally  assignable  under  any  known  conditions.  The  fission 
theory  appears  thus  to  be  entirely  unteiialile  in  tiie  earth-moon  case  and 
iu  similar  cases.* 

Division  between  the  colusional  and  dltha  Athosphbrss  op 
THE  Eahth 

The  line  C.  A.  marks  rouglily  the  zone  of  transition  between  the  highly 
ujllisional  atate  of  the  eartli's  atmosphere  near  tlie  surface  and  the  vault- 
ing state  above,  described  long  ago  by  Johnstone  Stoney.^  This  vaulting 
state,  or  krenal  ultra-atmosphere,  iu  turn  passes  outwardly  into  an  orbital  ' 
sUt«,  or  orbital  ultra-atmosphere,  as  I  have  elsewhere  shown.'  These 
transitions  are,  however,  very  gradual ;  tliere  is  no  definite  line  of  separa- 
tion. Collisions  prevail  in  lessening  frequency  throughout  the  whole 
sphere  of  control,  but  they  are  only  dominant  near  the  earth.  The  line 
t'.  A.  is  placed  at  about  300  miles  from  tlie  surface  of  the  earth  merely  to 
Represent  a  horizon  at  which  a  largo  proportion  of  the  free  paths  of  the 
molecules  are  great  enough  to  encircle  the  earth,  and  so  give  rise  to  orbital 
movements,  in  contrast  to  the  short,  straight,  free  paths  of  the  molecules 
ill  the  atmosphere  at  the  earth's  surface.  The  diagram  serves  also  to  show 
iuffl-  enormously  greater  is  the  space  occupied  liy  the  krenal  and  orbital 
uhra-atmospherea  than  by  the  collisional  atmosphere;  but  this  greater 
volume  is  more  than  offset  by  the  extreme  attenuation  of  the  outer  atmos- 
pheres. In  their  extremely  sparse  way,  the  ultra-atmospheres  occupy  all 
the  outer  space  of  the  earth's  sphere  of  control.  Beyond  that,  and  envel- 
oping it,  lies  the  sphere  of  control  of  the  sun,  occupied  in  like  manner  by 
the  sun's  ultra-atmospheres,  as  previously  noted, 

■ThF  tidal  and  otber  problema.     Pab.  No.  lOT,  Carafe  iLatltutlon  of  WaahlnstoD. 
0.  C,  1909.  p.  JB9. 
*Oii  atmoapberra  upon  planrts  and  Hl?I]lteB.     Trana,  Ro;,  Dublin  Sue..  1B0S,  p.  306. 
*Tht  orisln  of  tbt  eartb,  1916,  pp.  in-27. 
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An  uppkh  tcbbulent  atmospheric  Zone 

In  Diagram  IV  we  eome  closer  home  to  the  dynamic  featurea  of     the 
earth-body  itself.     On  the  way,  however,  let  ub  take  advantage  of    the 


a  wraclBl  diaslropbli 
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40±  mll^a :  S.  B.,  aurtac^  at 
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larger  scale  to  visuali/e  a  ncglcftccl  filature  of  the  upper  collisional  at- 
mosphere.   The  outer  thin  line,  M.  S.,  represents  the  upper  limit  at  which 
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metairs  plunging  into  the  atmoHpherc  Ixjcome  visible;  it  is  commonly 
ibuutSOor  90  miles  above  the  ground;  rarely  100  miles.  Below  that  line 
ifr  two  other  thin  lines,  M,  T,  and  M',  T'.,  the  outer  one  '!0±:  miles  above 
tliegroimtl,  the  inner  one  40±  miles.  They  inclose  the  eoiie  within  whicli 
meteurites  develop  trains  in  addition  to  streaks.  These  trains  seem  to  be 
deaths  of  luminous  air  that  diffuse  outwardly  from  their  axes.  They 
remain  visible  for  periods  ranging  up  to  an  hour,  and  oc(;a>«iunally,  but 
railier  rarely,  more.  These  give  visibility  to  the  movitmeiiWof  the  atmos- 
\i\im  in  this  elevated  zone,  and  thus  havt;  important  meteorological  sig- 
iiiticauce.  These  movements  arc  quite  extraordinary.  Not  infrequently 
tW  curreiitti  at  different  heights  flow  in  diverse  directions  and  the  train 
mjiidly  becomes  zigzag.  Sometimes  it  becomes  tortuous,  implying  much 
lurliileiiee.  The  velocities  greatly  vary  and  are  sometimes  very  notable, 
not  very  infrequently  reaching  100  miles  an  hour;  even  300  miles  per 
Wr  have  been  authoritatively  reported.  On  the  whole,  the  velocities 
*em  tu  be  higher  than  those  which  commonly  prevail  at  lower  altitudes. 
Thise  liigh  velocities,  of  course,  arc  to  be  interpreted  in  the  light  of  the 
K™t  tt.'uuity  of  the  air.  These  swift,  diverse,  and  turbulent  currents 
^m  to  put  out  of  court  those  mathematical  deductions  relative  to  the 
cuDBtitution  of  the  upper  atmospheri'  which  are  based  on  the  assumption 
of  its  quiescence.  Unfortunately  tliL-^  have  found  an  unwarrantable 
place  Id  meteorological  literature. 

The  8URFICI4L  DiAaTROPHic  Zone 

The  broad  black  band  of  Diagram  IV  represents  the  surface  of  the 
earth  incidentally,  but  its  special  purpose  is  to  call  attention  to  a  dynamic 
ione  in  which  the  potential  resistance  to  deformation  has  three  distinctly 
different  values  in  the  six  cardinal  directions — a  matter  of  moment  in  the 
study  of  the  eartii'a  surficial  diastrophism.  Displacement  upward  en- 
counters little  more  than  the  resistance  of  the  atmosphere  and  the  weight 
of  the  material  displaced ;  displacement  in  the  four  horizontal  directions 
encounters  the  much  more  considerable  resistance  of  the  terrane  itself, 
while  displacement  downward  encounters  the  almost  insuperable  resist- 
ance of  the  solid  earth-body.  These  diversities  of  potential  resistance 
stAnd  in  sharp  contrast  to  the  four  free  sides  and  two  stressed  sides 
asuallj  involved  in  laboratory  experiments.  The  resulta  of  such  experi- 
ments, therefore,  need  scrupulous  qualification  in  their  application  to 
natural  diastrophism.  These  distinctions  of  potential  resistance  are  not 
wholly  confined  to  the  surficial  zone;  they  are  merely  most  pronounced 
there;  in  a  declining  way,  they  hold  in  respect  to  the  deeper  horizons. 
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Thia  zone  of  differential  resistance  is  cloRely  related  to  the  zones  of  frac- 
ture and  flowage  made  familiar  by  the  work  of  Van  Hise  and  Leith, 
These,  however,  are  primarily  matters  of  texture  and  structure  and  sec- 
ondarily of  pressure.  Like  the  preceding,  though  in  a  different  sen*', 
they  are  not  strictly  surficial,  as  pointed  out  hy  Leith  in  his  recent  vice- 
presidential  address,  though,  like  the  preceding,  they  are  mo§t  pro- 
nounced in  the  surficial  zone. 

Because  of  the  special  influences  of  the  snrficial  zone,  it  has  become  a 
question  how  far  the  special  forms  of  yielding  stten  at  the  surface  are 
simply  expressions  of  suriicial  dynamics  and  how  far  they  are  reliable 
signs  of  the  agencies  whicli  primarily  actuate  tlie  diastrophism.  To  throw 
light  on  this  and  related  questions,  a  special  mode  of  study  has  come- into 
use  iu  which  the  reliefs  are  made  tlie  key  to  the  inquiry,  the  effort  being 
to  deduce  from  tliese  the  amount  of  surface  shortening,  the  deptli,  and 
the  under-conftguraiion  of  the  shell  actually  deformed,  and  so  reach  aii 
approximation  to  the  totality  of  the  deformation  iu  so  far  as  it  takes  a 
distinctive  surficial  expression.  This  should  aid  in  distinguishing  such 
deformation  as  is  merely  an  expression  of  surface  conditions  from  Bndt 
as  constitutes  a  true  index  of  the  primary  source  of  the  diaetruphittm. 
The  results  of  first  trials  of  this  special  type  of  Inquiry  may  be  found  in 
the  papers  of  R.  T.  Chamherlin  on  the  Appalachians  of  Pennsylvania  and 
on  the  Rocky  Mountains  of  (Colorado.' 

TiiE  Gravity-pull  within  the  Earth 

The  interior  of  tlie  earth  is  pervaded  by  more  intense  and  more  com 
plicated  dynamical  qualities.  The  factors  moat  needed  to  fill  out  our 
series  are  those  that  spring  from  a  continuation  of  the  gravity  effects 
which,  in  the  form  of  the  sphere  of  control,  was  our  starting  point. 
These  now  assume  two  phases,  namely,  the  continued  gravity-pull,  or 
attraction  of  the  diminishing  sphere,  and  the  rising  gravity  presxure,  or 
weight  of  the  increasing  superincumbent  mass.  In  a  sense,  these  are 
reciprocals,  for  as  tlie  one  declines  the  other  increases.  The  accelerating 
power  of  the  earth  is  greatest  at  or  near  the  surface.  In  some  cosmo- 
logical  applications  it  is  of  acute  importance  to  recognize  that  this  maii- 
mum  gravity  is  a  variable  in  the  sense  that  it  increases  with  every  stage 
of  contraction  of  the  earth,  and  this  is  not  to  be  overlooked  by  students 
of  relatively  recent  diastrophism ;  for,  though  the  value  of  shrinkage  may 

'R.  T.  Cbamberlln :  Th«  Appalftcblan  folda  of  central  PenoarlTBDlft.  Joor.  of  G»l- 
Tol.  itIII.  1910,  pp.  228-Sl ;  The  bnltdlnE  ol  tbe  Colorado  Bocklea.  Jour,  of  GmI..  toL 
ixvll,  1019.  pp.  2'ie-Bl. 
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be  small,  all  the  curves  depeodent  on  gravity  are  involved  and  the  elTeot£ 
are  felt  throughout  the  vhole  interior  of  the  earth.  From  the  gravity 
m&simum,  at  or  near  the  surface,  the  acceleration  value  declines  both 
outward  and  iiiward,  outward  because  the  lines  of  pull  are  spread  over 
greater  space,  iDward  because  the  lines  of  pull  counterbalance  one  an- 
i)ther.  The  best  basis  for  forming  a  picture  of  the  inward  decline  is  found 
in  the  principle  of  tlie  hollow  sphere.  To  illustrate  this,  the  line  1/2  V. 
of  Diagram  IV  is  drawn  at  SIG  miles  below  the  surface,  which  is  the 
(U'pth  that  divides  the  outer  from  tlie  inner  half  of  the  earth,  measured.- 
of  course,  by  volume,  not  by  mass.  This  line  may  be  taken  as  well  as  any 
other  to  detiiie  the  inner  side  of  a  hollow  sphere.  Now,  if  a  body  is  per- 
fei'tly  spherical,  and  if  its  layers  are  perfeilly  homogeneous  in  density  in 
themselves  (even  though  they  dilTer  from  one  another  in  density,  as  they 
usually  do),  the  gravity  of  any  symmetrical  shell  concentric  to  the  center 
i-ounterbalances  or  neutralizes  itself  as  felt  at  any  point  within  it.  If  the 
sphere  is  not  perfectly  spherical  and  homogeneous,  corrections  must  be 
made  according  to  the  amount  of  deviation  from  sphericity  and  homo- 
freneity.  In  the  light  of  this,  it  is  easy  to  see  that  as  a  body  descends 
toward  the  center,  the  accelerating  power  of  the  earth  on  it  falls  off  in 
proportion  to  the  mass  of  the  shell  of  matter  left  behind.  The  speed  of 
an  ideal  body  falling  uninterruptedly  to  tlie  center  would,  however,  con- 
tinue to  increase  all  the  way,  l»ut  at  a  declining  rate  that  would  vanish  at 
the  center. 

The  gravitatite  Pressuhe  within  the  Earth 

The  rise  of  gravitative  pressure  within  the  earth  is  one  of  the  most 
familiar  of  geologic  themes  and  needs  only  a  passing  recognition  here. 
It  is  dependent  on  the  inherent  weight  of  the  matter  and  on  its  degree  of 
compression.  In  a  rough  way,  it  ranges  from  one  atmosphere,  or  mega- 
dyne,  at  the  surface  to  about  3,000,000  atmospheres,  or  megadynes,  at 
the  center;  but  the  precise  distribution  of  the  pressure  is  not  yet  deter- 
mined. Geophysicists,  mathematicians,  and  others  have  endeavored  to 
derive  ae  close  an  approximation  to  the  curve  of  internal  pressure  as  ex- 
isting data  will  permit,'  but  the  results  are  to  be  held  as  tentetive  until 
the  qualifying  conditions  are  better  determined.  The  tenor  of  accumu- 
lating evidence  implies  that  the  conditions  wliich  affected  the  progressive 
self -compression  of  the  body  were  more  important  than  those  which 
affected  the  original  assortment  of  the  material. 

•CbamberllD  sod  Saliibury  :  Omlogr,  vol.  1,  p.  640. 
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The  Spheroid  of  anomalous  Effects  on  beibuic  Wavks 

By  far  the  largest  part  of  the  earth's  material  traQsmite  earthquake 
waves  directly  through  the  interior  along  curves  that  are  related  to 
chords,  with  sufficient  fidelity  to  preserve  the  distiDctueas  of  the  first  and 
second  sets  of  preliminary  waves  and  thus  render  the  record  interpret- 
able;  but  in  tlie  center  of  the  earth  there  is  a  spheroid,  embracing  perhaps 
a  fifteenth  of  its  volume  and  a  (iftli  of  its  mass,  which  in  some  way  affects 
the  transmisaion,  so  that  the  record  is  illegible.  The  line  A.  E.  S.  W.  of 
Diagram  IV  outlines  approximately  this  central  spheroid.  Neither  tht 
precise  nature  of  the  disturbing  effect  nor  the  cause  of  it  has  yet  been 
satisfactorily  determined.  One  of  the  more  familiar  suggestions  is  that 
this  central  spheroid  is  liquid;  another  that  it  is  metallic.  The  first  of 
these  is  naturally  losing  plausibility  in  proportion  as  evidence  increases 
that  this  central  portion,  like  Die  rest  of  tlie  eartli-body,  is  highly  rigid. 
The  metallic  theory  fits  only  very  clumsily  the  growing  evidence  that  the 
interior  elasticity  and  rigidity  rise  faster  than  density,  not  only  from  the 
surface  to  the  borders  of  this  spheroid,  as  now  well  demonstrated,  but  all 
the  way  to  the  center,  since  this  seems  to  be  required  to  meet  the  mean 
rigidity  and  elasticity  of  the  eartli  as  a  whole, 

TiiE  Core  of  the  Earth 

Approaching  tlie  problem  of  this  seismic  anomaly  from  the  cosmolog- 
ical  side,  the  hypothesis  that  this  centra!  spheroid  is  simply  the  primitive 
core  of  the  earth  formed  by  the  solidification  of  the  nebular  nucleus  postu- 
lated by  the  planetesimal  hypothesis  seems  an  easy  and  natural  solution. 
If  the  original  nucleus  concentrated  itself  along  the  gaseo-molten  line  of 
descent,  in  the  modified  way  sketched  in  my  recent  discussion,*  it  would 
take  on  a  more  or  less  concentric  structure  similar  to  that  logically  as- 
signed the  whole  earth  by  the  old  masters  under  the  gaseo-molten  hy- 
pothesis. The  concentric  layers,  though  homogeneous  in  themselves, 
would  differ  one  from  another  in  elasticity  and  density,  and  so  they 
would  he  likely  to  divert  the  seismic  waves  by  refraction  sufficiently  to 
seriously  confuse  the  record.  If  this  view  shall  find  direct  support  as  the 
evidence  grows  and  skill  in  interpretation  increases,  it  will  aid  in  settling 
the  as  yet  open  question  of  the  mass  of  the  original  earth  nucleus.  The 
spheroid  of  anomalous  transmission  ts  of  the  order  of  one-fifth  of  the  total 
mass  of  the  earth.  This  is  not  an  improbable  value  for  the  nucleus, 
judged  from  quite  independent  consideration?. 
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We  have  now  passed  in  review  some  of  the  more  Balieat  dynamic  fea- 
tures of  the  greater  earth.  As  pointed  out  at  the  start,  the  list  can  not 
now  be  made  complete.  In  time  there  will  have  to  be  added  spheres  of 
influence  spriBging  from  the  electrical  and  magnetic  properties  of  the 
earth.  There  will  also  have  to  be  added  a  great  complex  of  more  intimate 
rlynamic  properties  now  more  or  less  concealed  within  the  body  of  the 
earth,  the  dynamic  properties  which  to  a  large  extent  make  the  earth  body 
what  it  is.  All  these,  together  with  the  outreaching  influence  gathered 
about  the  material  earth,  make  up  the  greater  earth. 

DiscnssiON 

Professor  Atwood  :  I  would  like  to  ask  that  Doctor  Chamberlin  speak 
a  little  further  on  the  exchange  of  atmospheres  between  the  earth  and 
the  sun.  Is  it  likely  to  lead  to  enrichment  or  other  notable  change  in  our 
atmosphere  ? 

Professor  Chaubkrlin  :  From  my  point  of  view,  the  interchange  looks 
rather  toward  uniformity,  viewed  in  a  large  way,  than  fo  either  enrich- 
ment or  depiction.  Unless  there  is  some  radical  change  in  the  sun,  there 
should  be  no  essential  change  in  the  equilibrium  relations  between  the 
ultra-atmospheres  of  the  sun  and  those  of  the  earth.  Of  course,  there  arc 
likely  to  be  and  have  been  minor  variations.  Some  of  these  belong  to  the 
very  nature  of  the  etjuilibrating  process  and  some  to  varying  production 
or  consumption  of  atmospheric  material  by  the  earth.  The  preponder- 
HHcc  of  logic,  as  well  as  geological  and  biological  evidence,  implies  that 
the  earth's  atmosphere  has  been  in  rather  steady  equilibrium  with  the 
atmosphere  of  the  sun.  If  the  atmosphere  of  the  earth,  at  any  time  or 
for  any  cause,  is  depleted,  the  aim  should  throw  more  molecules  of  the 
depleted  sort  into  the  atmosphere  of  the  earth  to  restore  the  equilibrium ; 
and  vice  versa  if  the  earth's  atmosphere  is  overenriched.  In  the  secular 
action  of  this  reciprocating  process  I  find  a  satisfactory  explanation  of 
that  remarkable  steadiness  of  the  earth's  atmosphere  in  mean  composi- 
tion and  mean  temperature  which  has  characterized  the  ages,  despite 
some  notable  fluctuation,  and  which  has  made  the  continuity  of  the  lead- 
ing types  of  life  a  possibility. 

Question :  Was  there  a  vast  difference  between  the  results  obtained  by 
vou  and  Professor  Moulton  and  those  obtained  by  Sir  George  Darwin? 

Professor  Ciiamberlin  :  Not  in  so  far  as  concerns  the  questions  I 
have  been  discussing.  Doctor  Lunn,  taking  Sir  George  Darwin's  data, 
found  the  dividing  line  between  the  two  tidal  spheres  at  9,113  miles  from 
the  center  of  the  earth ;  Doctor  Moulton,  using  data  of  his  own  selection. 
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found  it  to  he  9,241  miles.  The  difference  is  so  trivial  as  to  mi 
results  mutuiuly  confirmatory.  Of  course,  in  all  Bucli  computation 
is  a  margin  of  doubt.  The  mass  of  the  earth  is  not  accurately 
mined,  nor  is  the  mass  of  the  moon,  nor  are  any  of  the  basal  data  i 
accurate. 
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iNTaODCCTION 


The  collection  by  the  Eeseareh  Information  Service  of  the  National 
Research  Council  of  full  schedulcR  covering  geologists  and  geographers 
and  their  activitiea  has  furnished  an  unusual  opportunity  for  the  study 
of  the  status  of  geology  and  geography  in  the  United  States  at  the  present 
time.    In  order  that  the  work  might  be  more  complete,  these  schedules, 

'Atntnct  of  report  prepared  tar  Nttlonal  Renearch  Conncll.  Thia  article  wu  prtDtcd 
■"  Domber  IT  of  Reprint  and  Circular  Series  of  thp  Nnllonil  Beaearcb  CouDclI  and  1,000 
vpantM  printed  for  tbe  author,  wltb  paiilDBtlon  from  1  to  22. 

Uannscript  received  bj  tbe  Secretary  of  tbe  GfoloKlcal  Society  December  80,  19S1. 
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which  nombered  approximately  900,  were  supplemented  by  a  study  of  tlie 
membership  lists  of  the  Qeological  Society  of  America,  the  Paleontolog- 
ical  Society,  the  Association  of  American  Geographers,  the  Association 
of  American  Petroleum  Geologists ;  a  study  of  the  manuscript  of  the  new 
edition  of  "American  Men  of  Science" ;  the  catalogues  of  hundreds  of 
universities  and  colleges;  the  bibliographies  of  North  American  Geoloiry 
issued  by  the  U.  S.  Geological  Survey  for  the  decade  1909-1918;  and  thf 
personnel  file  of  geologists  prepared  by  the  Division  of  Geology  and 
Geography  during  the  war  and  subsequent  thereto.  Moreover,  to  bring 
the  information  up  to  date,  letters  were  written  to  a  number  of  the  lead- 
ing inatitutioDB  training  geologists,  asking  for  lists  of  young  men  who 
have  been  receiving  special  instruction  during  the  last  ten  years.  In  this 
way  there  was  accumulated  information  regarding  nearly  8,500  men  who 
have  received  instruction  or  shown  interest  in  the  combined  subjects  of 
geology  and  geography  in  America.  Inasmuch  ae  the  study  was  part  ol 
the  work  of  the  Division  of  Geology  and  Geography  of  the  National  Re- 
search Council,  it  was  appropriate  t«  exclude  from  this  study  those  whosp 
residence  was  outside  of  the  United  States  or  whose  subjects  were  more 
closely  allied  with  engineering  or  chemistry  than  with  the  scientific  as- 
pects of  geology  and  geography.  1'he  scrutiny  of  the  schedules  showed 
that  some  at  least  of  those  who  had  reported  were  interested  in  the  subjert 
merely  as  an  avocation  and  these  were  excluded,  as  were  certain  enginrer? 
who,  while  using  geological  methods,  were  evidently  more  interested  in 
the  exploitation  of  mineral  deposits  than  in  their  geological  interprete- 
tion.  There  must  naturally  bo  more  or  less  personal  equation  in  the  prep- 
aration of  a  list  of  this  character,  Imt  in  the  present  instance  every  effort 
has  been  made  Ui  give  a  generous  interpretation  to  the  names  involved. 

The  final  body  of  schedules  and  information  on  which  the  study  "f 
personnel  is  based  consists  of  1,275  names,  representing  that  number  of 
individuals  in  the  United  States  interested  in  geology  and  geography  and 
more  or  less  active  in  the  development  of  these  sciences. 

The  facts  which  may  be  deduced  from  a  study  of  the  information  will 
be  treated  under  the  following  heads : 

1.  The  personnel  and  it^  training. 

3.  The  opportunities  for  education  in  geology  and  geography. 

3.  The  publications  dealing  with  North  American  geology  and  pwf;- 
raphy. 

4.  Organizations  supporting  research  in  geology  and  geography. 

5.  The  lines  of  investigation  now  in  progress. 
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Pebbonnel  and  its  Training 

PERSOHaSL  LISTS 

The  perwnnel  lists  when  tabnUrlzed  gave  the  following  facta,  so  far  as 
they  were  obtaiDable :  1.  Date  of  birth.  S.  Place  and  date  of  first  degree, 
graduate  work,  master's  degree,  or  doctorate.  3.  Present  employment  as 
teacher,  Government  or  State  geologist,  museum  curator,  or  commercial 
geologist.  4.  Any  change  of  interest  in  subject-matter  where  this  was 
possible. 

The  classification  of  the  personnel  selected  as  above  described  showed 
the  following  figures  concerning  their  educational  equipment : 

TRAININa  OF  OBOLOaiSTS 

Educational  advantagen. — No  collegiate  record  available,  125,  or  10 
pi'f  cent. 

Bachelor  of  Arte  or  of  Science  only,  Iftfl,  or  1.5  per  cent. 

Xon -collegiate,  with  some  special  training,  35,  or  3  per  cent. 

Graduate  students  without  degrees,  230,  or  18  per  cent. 

Master's  degree  only,  285,  or  28  per  cent. 

Doctor's,  with  or  without  previous  Master's,  410,  or  32  per  cent. 

The  figures  show  that  the  present  geologists  of  the  country  are  essen- 
tially college-bred  men,  87  per  cent  having  received  collegiate  degrees 
and  72  per  cent  a  second  degree,  and  over  one-third  of  all  of  those  listed 
have  completed  the  requirements  for  a  Doctor's  degree.  It  may  therefore 
be  said  that  the  profession  is  essentially  a  learned  profession  and  not 
merely  a  trade. 

A  study  of  those  regarding  whom  no  collegiate  record  is  available  shows 
that  of  the  125  so  listed  only  11  are  members  of  any  of  the  professional 
societies.  The  remaining  114  might  easily  be  omitted  from  considera- 
tion as  without  influence  on  the  progress  of  science  in  this  country,  so  far 
as  this  is  represented  by  publications  or  participation  in  organized  scien- 
tific activity.  Among  the  11  are  included  some  of  our  mast  esteemed  col- 
leagues; but  these  arc,  with  few  exceptions,  men  of  the  older  generation, 
when  systematic  instruction  in  geology  was  not  so  generally  available  as 
at  present.  The  tabulation  also  shows  that  they  are  predominantly  pale- 
ontologists. 

Among  those  who  have  received  instruction  without  collegiate  degree 
are  some  of  our  most  active  scientists,  devoted  for  the  most  part  to  pale- 
ontology, but  the  majority  of  this  group  appear  to  be  interested  in  oil  and 
are  probably  men  who  have  attended  courses  at  universities  during  the 
winter  season  in  order  to  gain  s  little  clearer  insight  into  geological  con- 
ditions affecting  their  industries  rather  than  to  prepare  themselves  for 
the  life  of  a  scientist. 

XVl — Bl'LL.  OkoL.  Soc.  Au.,  Vol.  32.  1920 
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Average  annuai  flow. — The  average  flow  of  men  into  geology  and  geog- 
raphy is  a  matter  of  interest  and  the  schedules  have  been  studied  from 
this  viewpoint.  The  persona  included  are  the  men  now  living,  and  the 
true  figures  could  only  be  gained  by  incorporating  all  of  those  who  haye 
died.  Since  geologista  and  geographers  are  proverbially  healtliy  and  the 
profession  in  this  country  dates  numerically  from  1870  or  later,  the  con- 
clusions drawn  from  living  men  are  not  far  from  what  they  would  be  if 
based  on  all  geologists,  living  and  dead,  who  have  obtained  their  educa- 
tion during  the  last  fifty  years.  Ten  hundred  and  thirty-four  Bachelore 
received  degrees,  according  to  the  following  table: 

OcologiiU  aKd  Qtographeri  arranged  chronolofficallu 

BscbelOM  Kuter*  Docton 

Before  1870 36  7  6 

1870-1874    20  8^ 

187B-1S79    22  9(  * 


18WI-18W  .77  34  27 

1805-1809  101  35  52 

1900-1904  136  70  4T 

1006-1909  ..'. 188  90  S8 

1910-1914  228  128  75 

1916-1919  137  80  95 

In  general  the  Bachelor's  degrees  are  taken  at  about  age  22,  the  Atatt- 
ter's  at  24,  and  the  Doctor's  at  26,  A  few  instances  where  the  degrees 
were  taken  out  of  course  modify  these  figures  unduly  and  are  not  con- 
sidered in  the  general  statement. 

When  the  number  of  Bachelor's  degrees  are  plotted  by  years,  tlie  curve 
shows  an  average  annual  range  of  about  10  in  3  to  5-year  cycles,  with  the 
maxima  and  minima  points  on  a  smooth  curve  from  1S80  to  1908.  Dur- 
ing succeeding  years  there  are  wide  fiuctuattons.  The  values  vary  from 
27  in  1910  to  n  in  1912,  back  to  21  in  1915.  Since  the  latter  date  the 
returns  are  too  uncertain  to  forecast  whether  or  not  the  annual  flow  will 
be  resumed  on  its  former  scale.  The  excessive  number  in  1912  is  entirely 
out  of  proportion  and  represents  a  marked  departure  from  normality. 
The  figures  show  that  the  number  graduating  from  college  each  year  wbn 
entered  the  ranks  of  geologists  and  have  showed  interest  in  the  scientilif.' 
aspects  of  the  subject  averaged  less  than  25  men  during  the  last  40  years, 
increasing  steadily  from  the  SO'a  on  to  1910.  The  subsequent  studies  of 
men  receiving  advanced  degrees  confinn  the  impression  that  the  accom- 
modations in  universities  for  advanced  training  of  a  unifomi  stream  of 
50  to  60  per  annum  will  meet  the  requirements  for  some  years  to  come. 
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Ratio  betn'een  ftrat  and  higher  degrees. — The  ratio  between  those  tak- 
ing the  first  and  subsequent  degrees  in  each  decade  is  as  follows : 

BachelorB  Haitera  Uoetors 

IS70-1879    100  40  ».r. 

l)iS0-18S9    100  35  24  ..1 


1900-1900  100  no  za 

1»10-1»18    100  50  40.0 

For  every  100  men  now  in  geology  who  received  collegiate  training,  50 
went  forward  to  a  Master's  degree  and  30  to  a  I>octorate.  There  is  do 
well  defined  "drift"  from  decade  to  decade  indicating  that  tlie  number 
now  taking  advanced  work  is  greater  or  less  than  formerly,  though  the 
figures  suggest  that  there  has  been  a  tendency  recently  for  a  larger  num- 
lier  to  take  the  Master's  degree  than  was  tlie  case  during  the  "nineties." 

Source  of  students. — Compared  with  the  total  number  of  degrees 
granted  in  American  universities  and  colleges,  the  geologists  show 
scarcely  a  "trace."  Excluding  t«:hnical  degrees,  the  figures  are  approxi- 
mately as  follows : 

Tuta)  A.  B.,  B.  S.,  and  Ph.  B 1895-1014  202,000 

CeologlNts  Uldng  -Bachelor's  degree 658         0.22  per  cent 

ToUl  A.  M.,   M.S..  and  Ph.M 1895-1914  36.950 

Ueologista  taking  Master's  degree 1113        0.70  per  cent 

ToUl  Ph.  D.  and  D.  8c 18&&-1014  7,160 

Ueolt^lsts  taking  Doctor's  degree 237        M.3   percvut 

These  ratios  have  remained  fairly  constant  from  year  to  year,  with  no 
appreciable  "drift"  away  from  the  average.  The  increased  percentage 
among  the  Doctors  suggests  that  those  who  contribute  to  the  development 
of  the  science  are  generally  those  with  the  highest  training.  The  fall  in  the 
curves  during  191.'j-1930  for  geologists  who  have  taken  their  Bachelor's 
degrees  during  1915-1920  is  doubtless  due  to  the  fact  that  they  have  not 
yet  made  their  impression  as  professional  workers  and  so  have  not  been 
included  as  such  in  the  lists.  This  is  true  in  less  degree  of  those  receiv- 
ing graduate  work  and  Master's  degrees  during  the  same  period.  In  the 
case  of  Doctors,  it  is  different.  The  citing  of  dissertation  subjects  distin- 
guishea  those  trained  in  geology.  This,  supplemented  by  the  fact  that 
lists  of  students  have  been  obtained  from  most  of  the  laboratories  where 
men  receive  graduate  training,  suggests  either  that  relatively  fewer  men 
are  going  forward  in  geology  or  that  there  has  been  slower  recovery  from 
war  disturbances  than  in  other  subjects.  Perhaps  it  is  due  to  the  fact 
that  men  in  physics,  chemistry,  etcetera,  were  mobilized  here  for  investi- 
gation in  war  problems  and  were  thus  enabled  to  continue  their  work  on 
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cliBBertEtioiu  while  thus  emplojed,  vhile  geologuta  mre  imffoi      '^ 
special  tasks  only  indirect!;  related  to  their  specialtiee. 

OppOBrcHiTim  IDS  Trainiho 

80URGEB  OF  ISFOtMATIOy 

The  opportnnitieB  offered  in  the  nndergradTiate  oonraea  of  coDegei  hk*! 
nniversitiefi  for  the  stud;  of  geology  and  geography  detennine  largely  tli« 
stimuli  vhich  caiue  men  to  (diooee  these  subjects  as  fields  of  reseanh  ta.^ 
the  places  where  they  may  Tecaire  their  technical  training.  The  connes 
offered  in  geology  and  geography  are  quite  diBtinct,  except  in  tiie  case  of 
physiography,  and  the  conditions  for  the  two  subjects  are  here  treated 
separately. 

Schednles  from  catalogoea  of  671  universitieB  and  colleges  were  exim- 
ined  and  the  actual  number  of  hours  of  instructicm  listed,  two  houn  of 
laboratory  being  rated  as  the  equivalent  of  one  hour  of  lecture  or  recita- 
tion. The  results  are  no  better  than  the  catalogue  statemoits,  which 
sometimes  suggest  a  stock-jobbing  prospectus  in  their  oreremi^iaiis  of 
opportunities  as  compared  with  the  facts.  Inferences  drawn  probshl? 
'  represent  the  c<Hiditiona  more  favorably  than  the  actwd  facts  warraDt 

MDVOATIOSAL  OPPORTVSITIBB  IN  OEOLOOT 

Of  the  571  -infltitutions,  144,  or  S6  per  cent,  offer  no  instmctjon  i> 
geology,  and  268,  or  nearly  60  per  cent,  nothing  worthy  of  the  nain^ 
These  same  institntiona  offer  courses  in  chemistry,  pb^ics,  or  1ho1(^^> 
but  nothing  to  direct  a  student's  interests  toward  geology,  with  the  resu" 
that  few  graduates  from  them  are  now  recognized  geologists.  Of  the  r^ 
maining  institutions,  148  offer  the  equivalent  of  from  one  to  two  fal' 
year  courses,  33  from  two  to  three,  and  85  from  three  to  four ;  97  pvtf 
four  or  more  years  and  101  have  actually  had  graduate  students  in  geol- 
ogy. The  last  two  groups  include  all  the  great  privately  endowed  institu- 
tions, a  large  number  of  the  State  universities,  and  a  few  small  collegee 
where  geological  traditions  are  strong. 

Diagrams  emphasize  the  numerical  predominance  of  institutions  giv- 
ing little  or  no  geology  and  those  with  strong  departments.  They  sboY 
that  the  South  Atlantic  States,  witli  123  institutions,  have  only  16  giving 
enough  instruction  in  the  subject  to  suggest  geology  as  a  profession,  and 
this  inference  is  borne  out  by  the  fact  that  almost  none  of  their  graduates 
have  taken  advanced  work.  In  the  North  Atlantic  States  the  reverse  ia 
true.  Here  is  more  than  the  average  opportunity  to  receive  adequate 
undergraduate  as  well  as  graduate  instruction,  and  the  colleges  of  this 
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region  have  supplied  a  large  proportion  of  the  older  geologists.  The  ISast 
Central  States  show  many  small  colleges  giving  little  or  no  geology  ami 
a  number  strong  in  undergraduate  and  advanced  work.  The  West  Cen- 
tral States,  with  a  scattered  agricultural  population,  show  weakness,  while 
the  Pacific  Coast  offers  excellent,  though  few,  opportunities  for  collegiate 
and  advanced  work. 

Graduate  work  is  offered  in  many  institutions,  but  where  advanced 
degrees  are  seldom  given  this  merely  means  t)iat  some  promising  bachelor 
lias  been  held  over  as  a  student  assistant.  Over  two-thirds  of  the  iustitu- 
tions  which  have  given  advanced  work  are  located  in  the  North  Atlantic 
and  East  Central  r^ions,  and  over  75  per  cent  of  these  liave  given  doc- 
torates. Graduates  who  have  subsequently  received  Doctor's  degrees  liavv 
come  from  188  colleges,  the  largest  number  coming  from  Harvard,  Yale, 
California,  Cornell,  Wisconsin,  Hopkins,  Chicago,  Columbia,  Indiana, 
Amherst,  and  Oberlin.  Doctorates  have  been  given  in  geology  and  g«ig- 
rapby  by  37  institutions,  although  two-thirds  of  all  the  candidates  re- 
ceived this  degree  from  7  universities  and  40  per  cent  from  3  (Yale. 
Hopkins,  and  Chicago).  While  the  movement  from  individual  colleges 
to  certain  universities  has  been  marked  in  a  few  instances,  the  movement 
on  the  whole  has  been  quite  general.  Yale  and  Hopkins  have  granted 
degrees  to  Bachelors  from  33  other  institutions  and  Chicago  to  those 
from  30. 

Tliere  is  a  general  impression  that  most  of  the  candidates  for  a<lvanced 
degrees  are  now  coming  from  the  well  equipped  undergraduate  depart- 
ments of  the  higher-degree-granting  universities,  and  tliat  this  practice 
is  increasing.  This  hai>  not  been  home  out  by  a  study  l)y  <locades  of  the 
educational  history  of  recipients  of  such  degrees.  No  gem'ral  change  in 
practice  is  shown.  Tables  prepared  indicate  that  two-thirds  of  the  Mas- 
ters receive  their  degrees  from  the  college  at  wJiich  they  received  their 
Bachelor's  degree,  while  more  than  half  of  the  Doctors  come  to  the  larger 
institutions  from  other  places.  To  this  general  statement  California. 
Indiana,  Cornell,  and  Princeton  are  exceptions.  At  California  77  per 
cent  of  the  Doctors  were  also  Bachelors  of  that  institution ;  at  Indiana, 
66  per  cent;  at  Cornell,  64  per  cent;  at  Princeton,  62  per  cent;  and  at 
HarvardjL  54  per  cent. 
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TRAININO   OK  GEOLOGISTS 


COMPAKIHOX  WITH  /8ftJ-W  COMHTIOXS 


A  comparieon  of  changes  in  opportunities  for  the  study  of  geology  in 
the  universities  and  colleges  of  the  United  States  lietween  the  years  1894 
aiul  1920  may  be  vividly  shown  by  a  comparison  of  our  figures  with  those 
of  T.  C.  Hopkins'  for  the  year  1893-94,  Forty-nine  more  colleges  offered 
geology  in  1930  than  in  1894,  an  increase  of  13  per  cent,  and  60  more 
had  separate  departments,  an  increase  of  115  per  cent.  Fewer  colleges 
offeretl  geology  in  Iti  States  in  1920  than  in  1894,  but  in  no  case  did  a 
St«t*f  show  fewer  separate  departments.  The  former  may  lie  looked  on 
as  a  Itealthy  condition  and  may  well  indicate.'  merely  greatiT  frankness  on 
tlif  part  of  many  small  colleges.  The  gain  in  separate  departments  prob- 
rtblv  is  even  greater  than  indicated,  for  Hopkins  seems  to  have  been  over- 
leiiieiit  in  liis  interpri'tation  of  what  constitutes  a  department.  For 
hifttaiKf,  to  bring  Massachusetts'  total  to  eight,  several  colleges  giving  not 
over  a.  year  of  geology  were  incUuletl,  so  far  as  can  be  judged  from  his 
(1  iecusaion. 

Pennsylvania  furnishes  a  striking  change  for  the  better.  In  1894  the 
St&te  was  credited  with  no  separate  college  department,  while  in  19'^0  she 
had  six,  all  of  considerable  strength.  Ohio  shows  fully  as  striking  a 
<:h%iige  by  a  decided  gain  in  the  number  of  smaller  institutions.  The 
duvelupment  of  separate  departments  in  State  institutions  is  also  notice- 
able. Kutgers  College  and  State-supported  universities  of  twenty  States 
(Vermont,  Pennsylvania,  Georgia,  Mississippi,  South  (Jarolina,  Ten- 
nessee, Iowa,  Arkansas,  Louisiana,  New  Mexico,  Oklahoma,  Colorado, 
Montana,  North  Dakota,  Wyoming,  Arizona,  Idaho,  Nevada,  Oregon,  and 
Washington)  all  register  a  decided  increase  in  the  appreciatiou  of 
jjeology.* 

'  T,  C.  nopklu :  Report  ol  tb«  Com  miss  Ion  ?r  of  Education.  1893-eG,  pp.  Sl9  et  leq, 
n'ssblQStOD,  IBM. 

•  For  rbingM  wltblD  the  >cl«nc«  nself,  pBrtlcularly  In  atlcntlon  gViea  sppUed  geoIOKr, 
thp  rpidpr  may  be  referred  to  tbe  paper  b;  A.  II.  Broolig  In  Ibe  Journal  Wasblngton 
Academy  of  Sciences.  TOl.  11,  1912.  pp.  23-48,  and  to  the  chapter  Id  IDs  present  article 
dealing  irlth  research.  Brooks'  article  wa«  republished  In  the  Smlthaonlan  Annua]  Re- 
port.  1912.  pp.  329-BB2. 


t.yGoo'^lc 


HATHBWS  AKD  MOOKAPHT  I 


t.yGoo'^lc 


TBAININO  OF  QBULOUISTS 


t.yGoo'^lc 


240      MATHEWS  ANIl  IJTTI.E (JEOIXKIY  AND  QEOGRAPHY  IK  THE  V 


.33 


;,Goo'^le 


TRAININU  OF  OEOUXilSTS 


l^l^ll   III 

■ijii-ilsill 


II 


ife 

ml 


:S 


k  III  II 


Su     °Q 


t.yGoo'^lc 


242      1IATHEW8  AND  LrnXB — ^LOQT  AKV  ^KMBAPHT  IH  THB  U.     -« 
BDVCATrOSAL  OPPOBTVJlITtl/M  IW  SflOSKlFJTT 

The  figam  for  geography  are  bo  eloquent  of  the  lack  of  qiportnniti^aa 
in  every  State  and  in  all  regions  that  there  is  little  need  of  attempting  'to 
interpret  them  in  detail. 

Commenting  briefly  on  the  dietribation  of  gec^rapfaic  instmction,  tli« 
most  noticeable  feature  is  the  great  dearth  of  it  in  the  Soath.  No  inati- 
tation  of  the  Sonth  Central  region  givee  as  much  u  tvo  years'  woii  In 
the  subject,  and  only  one  of  the  South  Atlantic  r^on  gires  aa  mndi  B> 
three  years;  this  is  the  George  Feabody  College  for  Teachers.  In  the 
country  as  a  whole,  401  colleges  out  of  £71,  or  70  per  cent,  oibr  no 
geography,  and  if  physiography  be  considered  geology,  then  466  ont  of 
S71  colleges,  or  81  per  cent,  ofFer  no  geography;  or,  stated  podtiTsl;, 
105  institntions  give  all  the  college  instruction  in  geography  this  coonti; 
offers,  and  of  these  only  31  offer  more  than  two  years  of  geography  u 
commonly  understood.* 

Of  the  work  given  by  the  105  institutions,  much  consists  of  half-year 
courses  in  meteorology  or  commercial  ge<^raphy.  A  rou^  conntf  shows 
the  following:  ! 

RS  colleges  offer  oonnea  In  commercial  tooKniby. 

48  coU^es  offer  conraee  In  meteorology. 

27  colleges  offer  courses  In  geographr  of  Nortb  America. 

19  coUeges  offer  conrees  In  Influence  of  geographr  on  \iMmf, 

17  colleges  offer  courses  In  cUmatologf.' 

10  colleges  offer  courses  In  the  geographr  of  Ennve. 

11  colleges  offer  conrses  In  the  geography  of  South  America. 

0  colleges  offer  courses  In  the  geography  of  I>ntln  America. 
S  collies  offer  courses  In  the  geography  of  Asia. 

1  college  offers  courses  In  the  geography  of  Africa. 

Advanced  instruction  is  very  meager.  Only  nine  institutions  offer 
courses  of  four  years  or  more  (Palifornia,  Colorado  State  Teachers'  Col- 
lege, Chicago,  Oeorge  Poabody  College  for  Teachers,  Harvard,  Nebraska, 
Pennsylvania,  St,  Elizabeth's,  New  Jersey,  and  Wisconsin)  and  of  these, 
two  are  colleges  for  teachers  and  one  a  Catholic  woman's  college  with  no 
instructor  designatwi.  This  leaves  only  sis  (California,  Chicago,  Colum- 
bia, Harvard,  Nebraska,  and  Wisconsin)  to  train  students  desiring  ad- 
vanced work,  and  amonfr  these  there  is  mucli  variance  in  the  opportunities 

■  )1«reatrer  In  tbiB  [taper  geography  does  not  laclade  pbyalograiitij  nnlcaa  (pcclflcallT 

ToiirseB  ofTerfd  by  physto  deparltnenlB  havi  nol  bwn  looked  for  a.ai  not  bmdj  at 
th«n  are  Inclufled.  For  a  detailed  sdidy  of  mpteorology  tn  eollwe*  Ma  C.  F.  BnMkx, 
MoDttaly  Weather  Review,  vol.  47,  1017.  pp,  ISD-ITO. 

'  Many  of  them  combined  with  meleorolojy. 
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offawL  Chicago  ie  the  best  organized  and  most  complete ;  Columbia  is 
ilrong  in  indoetrial  geography.  Every  region  except  the  South  Central 
111!  »t  leafit  one  college  or  oniverBity  offering  four  years  or  mote  of  work. 
In  this  connection  attention  may  well  be  called  to  a  recent  paper  in  the 
Journal  of  Geography,'  in  which  the  "geography  of  college  grade"  as 
flffered  by  the  normal  Hchools  of  the  Middle  States  is  reviewed  in  detail, 
■ith  the  conclusion  that,  "in  general,  normal  schools  offer  the  logical 
plice  to  begin  specialization  in  geography."  At  present,  "geography 
stinds  by  itself  as  an  independent  department  in  nearly  every  one  of  the 
Middle  States  normal  schools,"  but  in  the  reorganization  of  these  which 
iiilreadj  beginning  there  "will  be  a  strong  effort  to  include  it  (geog- 
nphy)  under  a  department  of  science  and  perhaps  mathematics.  .  .  ." 
Such  an  outcome  would  put  an  additional  burden  on  the  colleges  as 
iUndard-bearers  of  geography  as  a  distinct  science  and  add  to  the  signifi- 
cance of  the  figures  presented  in  this  paper. 

Publications  dealing  with  North  Amkhican  Gbolooy  and 

Geography 

stddis8  bt  mr.  a.  h.  brooks 

Bibliographic  lists  and  pages  of  publications  are  poor  criteria  for  deter- 
mining the  value  or  number  of  contributions  to  a  science,  but  they  do  give 
snme  evidence  of  scientific  activitios.  An  exhaustive  analysis  of  publica- 
tions, even  for  a  single  ye'ar,  would  not  yield  results  commensurate  with 
the  labor  involved.  Fortunately,  the  U.  S.  Geological  Survey  issues  annual 
bibliographies  of  North  American  Geology  in  which  the  articles  are  num- 
bered and  classified.  A  study  of  those  lists  was  made  by  A.  H.  Brooks*  for 
the  years  1886-1909,  and  this  has  been  extended  to  the  year  1918  by  an 
analysis  of  publications  listed  for  the  decaile  1909-1918.  The  combined 
study  shows  a  fairly  steady  increase  in  the  number  of  articles  listed,  from 
leas  "than  300  in  1886  to  1,3-50  in  1903.  From  that  date  to  1914=  there 
was  little  or  no  increase,  the  annual  numbers  ranging  from  1,150  to  1,400 
between  1903  and  1910.  Since  1910  the  number  has  fallen  to  less  than 
1,100.  It  is  instructive  to  note  that,  although  these  lists  as  analyzed  by 
Brooks  showed  47  per  cent  devoted  to  "applied  geology"  in  1909,  tlic 
falling  off  in  the  curve  of  literary  production  coincides  with  the  begin- 
nings of  the  oil  activities  during  the  first  decade  of  this  century.  Prob- 
ably no  period  has  been  more  prolific  of  high-grade  accurate  work  in 
geology,  especially  in  "applied  geology,"  and  this  falling  off  in  the  record- 

•Cly*  E.  Cooper:  Slatni  of  geographr  Id  IIip  normal  MhooTs  of  the  Mtddle  Wegt, 
Joaroal  of  G«osraphr<  September,  in^o, 

•  Joamal,  Wtshlngton  Aeademr  or  Sciences,  vol.  II.  1012.  p.  SO. 
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)])g  of  scientific  resaltB  and  tSixe 
advancement  of  new  ecientifii* 
principles  from  the  newly  ■.«■ 
quired  facts  confirms  the  eUtte- 
mcnt  of  Brooks,  that  "there  is, 
however,  grave  danger  that,  car- 
ried away  by  the  present  fervor 
of  practical  resalts,  we  may  \oee 
sight  of  oar  scientific  ideals." 

TOLUMK 

These    bibliographic    lists   for 
the  decade  include  2,156  authors, 
who  wrote  12,559  articles  consiet' 
ing    of    414,430    pages    rsn^ni; 
from  duodecimo  to  elephant  folio. 
Of  the  authors,  nearly  1,000  ha^e     i 
not  been  included  in  our  person- 
nel lists  because  of  death,  nation-' 
ality,  profession,  or  insignificance 
of  geologicsd  contribation.      Ap- 
proximately 45  per  cent  of  all  the 
articles    listed    are    lees    than    5 
pages  in  length,  over  fiS  per  cent 
loss  than   15  pagrs,  85  per  cent 
pi.-inK  ^•'^^^""^^'^^j'^^^^^'JJ'^*'^^"'''''''^  ""  are  undpr  50  pages,  and  less  than 
1  per  cent  over  500  pages.     Con- 
sidering tlie  desi-riptivo  chBracfer  of  most  geological  and  geographical 
papers,  little  real  srieutific  matter  is  to  be  expected  in  the  shortest  articles. 
This  generalization  has  been  cimfirmed  by  an  examination  of  many  of 
the  short  papers.     The  annual  production  of  papers  on  the  geology  of 
North  Ameriea.  exclnsivc  of  binding  and  advertising  pages,  might  be 
estimated  at  something  like  10  to  12  shelf  feet  a  year. 

SUBJECTMATTER 

The  subject-niattiT  nf  the  piiblic.itions  listed  in  Bulletin  698  (191S) 
may  be  classed  as  follows: 

General,  Indurtlnc  nililrpssps  nnil  MhltocrnTiliies Tpercent 

Economic  45 

Dynamic  and  structural , , 7 

{■b^ographie,  glaelal.  and  pcdolosj- B 


/xo        mo        /no 


t.yGoo'^lc 


PUBLICATIONS   ON    OBOLOaV    AND    GBOORAPllY  245 

i,  historical,  and  stratlgrapUc 11  per  cent 


htNfnjihy  and  mlnerali^y 11 

Witer 1 

100 

The  year  selected  may  have  been  abnormal,  but  the  proportions  are 
>liout  the  same  as  former  statistics  have  recorded. 


To  test  the  source  of  supply  of  articles,  the  articles  listed  for  iyi4  were 
cluaified  by  pages  published  according  to  the  probable  source  of  funds, 
nth  the  following  results: 

Sued  on  Federal   funds,   .approximately !),SO0  [laK^K,  or  IT  per  ccut 

Aued  on  State   fundK,   approximately 15.S00  pages,  or  2K 

on  university  and  foundations 11.000  pnges,  or  20 

Based  on  Canadian  official   10.000  pages,  or  18 

on  individuals    9,000  pages,  or  IT 

5S,000  100 

The  figures  show  that  over  60  piT  (*nt  of  the  published  matter  on  the 
geology  of  North  America  is  based  on  work  financed  by  public  funds,  and 
the  remainder  largely  by  universities  and  foundations  throufih  grants  or 
special  facilities  and  free  time  for  individual  i n vest if;a tors,  in  these 
respects  research  and  publications  in  geology  and  geography  differ  ap- 
preciably from  those  of  some  other  subjects, 

Obganizations  suppobtinq    Rkskarch    in    Orology    ANII   CiKOORAPHY 

The  organizations  supporting  research  in  geology  and  geography  are 
quite  different.  For  the  former  we  have  the  U.  S.  fieological  Survey 
and  40  State  organizations,  together  with  a  few  societies.  On  the  other 
hand,  for  geography  the  support  from  Federal  funds  is  sliglit  and  scat- 
tered through  a  number  of  departments  and  bureaus,  such  as  the  \J.  S. 
Coast  and  Geodetic  Survey,  the  Hj'drographic  Office,  the  Department  of 
Labor,  the  Board  of  Foreign  Trade  Advisers,  and  other  agencies.  Siich 
geographic  work  as  is  done  by  State  organizations  is  usually  conducted 
by  local  geological  surveys  or  those  agencies  interested  in  some  particular 
subject  which  requires  cartographic  and  distributional  discussion. 

The  amount  of  money  expended  annually  by  the  State  and  Federal 
inirvey  may  be  appreciated  from  the  accompanying  table : 

XVir — Bi'Li,.  Orou  floe.  Am.,  Vih,.  .12,  1020 
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BwpendUure* 

1916 

1917 

1918 

1919 

V.  S.  Geological  Survey 

¥1,454,923 

Sl.559.602 

12576,063 

$1^32,838 

New  England  (as  publlehetl) 

9,T66 

9,916 

31,884 

i,m 

Middle  Atlantic             "       . . 

39.027 

12,700 

25.208 

42,0» 

East  North  Central      "      . . 

145,161 

135,586 

130.998 

.143W1 

West  North  Central      "      . . 

69,360 

33.107 

34,382 

^m 

South  Atlantic               "      .. 

86.817 

86,048 

68.073 

fsjsn 

East  South  Central       "      . . 

60,821 

50,585 

41,413 

58,668 

West  South  Central      "       . . 

23,787 

22,902 

30,802 

2551S 

Mountain                        " 

18.267 

29JS36 

26,881 

37,157 

I'nciflc                             '•      . . 

89,222 

127,800 

193,681 

10240! 

For  States  omitted,  estimated 

100.000 

125,000 

125.000 

lOOJMO 

¥2,003,150      12,193,045       $2,985,385       $2.5S0,ni 

The  gross  amount  of  lexpenilitures  in  geology  each  year  by  Federal  anJ 
State  governments  e.xra-eds  $.3,000,000,  To  this  vast  sum  should  be  added 
the  expenditures  of  the  (>etroleum  and  mining  interests,  which  would 
increase  this  amount  many  fold. 

Public  support  for  geography  is  largely  incidental  to  other  work  and 
no  figures  are  available.     The  amount,  however,  in  this  country,  com- 
pared with  the  expenditures  in  other  countries,  is  very  small.    On  the 
other  hand,  local  geographic  societies,  supplemented  by  individual  bene- 
factions, give  some  appreciable  support  to  geography,  although  the  gross 
amount  is  incommensurate  to  the  interest  in  the  subject,  which  has  been 
growing  rapidly  during  the  last  decade.     With  properly  traineil  geogra- 
phers, support  of  research  in  this  subject  will  be  easily  secured  as  soon 
as  the  economic  value  of  research  in  geography  is  more  fully  recogni?A'<l. 
Kven  now  the  dcmaml  for  trained  geographers  with  sonnd  judgment  far 
exceeds  the  supply,  iind  there  is  no  use  in  enlisting  the  help  of  vocational 
schools,  importing  houses,  iinil  other  powerful  agencies  until  men  can  be 
supplied  to  meet  the  nrouscd  demand.     The  experience  of  local  geogra- 
phic societies  in  arousing  interest,  and  hence  financial  support,  for  proj- 
ects of  large  dimensions  suggests  no  likelihood  of  failure   in   securing 
Mipport  for  geographic  research  when  the  projects  are  carefully  developed 
iiiiil  the  ground  previously  prepared. 

LtMCs  or  IWKSTir.ATIO.V  sow  IN   PnOdUKSS 

The  reports  of  current  research  taken  from  schedules  returned  to  the 
.Viitional  Tteseun'li  ConiU'il  are  the  least  safisfactory  part  of  the  results. 
A  comparison  of  the  returns  with  the  facts,  as  generally  known,  shows 
Miiit  they  are  not  parlicuhirlv  signifii'ant.  for  some  of  the  most  active  and 
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esteemed  investigators  have  not  recorded  work  which  is  known  to  be  in 
progress.  Others  have  apparently  expreseed  their  aspirations  along  many 
Hues  rather  tbtm  investigations  actually  in  progress  in  a  way  to  produce 
reeults.  Approximately  100  correspondents  answered,  indicating  lines 
of  current  research,  and  a  study  of  the  returns  shows  that  the  work  is  well 
diBtribnted  throughout  the  fields  of  geology  and  geography.  In  general, 
the  distribution  is  approximately  the  same  as  in  the  statistics  for  publica- 
tions classified  into  the  subjects  named.  There  is,  however,  a  marked 
relative  decrease  in  the  reported  investigations  in  applied  geology,  par- 
ticularly oil  and  gas,  suggesting  that  many  of  our  most  active  investi- 
^tors  are  either  debarred  from  mentioning  their  lines  of  activity  for 
industrial  reasons  or  because  it  is  recognized  that  the  refined  cicientific 
skill  applied  in  investigations  incident  to  their  work  is  to  be  classed  as 
practice  of  a  scientific  art  rather  than  the  promotion  of  scientific  research. 

CONCLIJaiONS 

The  conclusions  which  follow  are  based  on  the  present  critical  study  of 
the  conditions  in  geology  and  geography  in  America,  a  wide  acquaintance 
with  the  active  workers — Federal,  State,  and  individual — the  investiga- 
tions in  progress,  and  the  material  equipment  and  esprit  de  corps  in  our 
leading  institutions.    They  may  be  summarized  as  follows : 

1.  The  active  workers  in  geology  and  geography  arc  well  trained,  the 
majority  with  more  or  less  specialized  university  training. 

2.  In  geology  the  opportunities  for  training  are,  on  the  whole,  sufficient 
to  meet  the  vocational  demands.  The  great  bulk  of  the  men  romplete 
their  professional  study  at  a  limited  number  of  institutions,  well  distrih- 
nfed  throughout  (he  country,  and  on  these  improvement  of  facilities 
should  he  localized. 

3.  There  is  need  of  more  widely  distributed  and  higher  grade  instruc- 
tion in  colleges  to  furnish  the  general  educational  advantages  of  courses 
in  geology  and  to  present  the  subject  as  a  possible  field  for  life  work, 

4.  The  recent  excessive  demand  for  geologists  in  "applied  geology"  has 
drawn  students  away  from  the  universities  before  their  training  has 
been  completed  and  has  attracted  their  attention  to  the  financial  and 
technical  aspects  of  the  subject  before  they  have  become  thoroughly 
grounded  in  the  fundamentals. 

5.  This  increased  attention  to  the  art  of  geology  on  the  part  of  students 
and  mature  workers  has  arrested  the  development  of  the  science,  e:tccpt 
in  a  few  limited  fields. 

6.  Geologic  investigations  are  largely  organized  under  Federal,  State, 
institutional,  or  industrial  agencies. 
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7.  The  opportunities  for  training  in  geography  are  inadequate  to  sup- 
ply the  specialists  demanded.  In  our  educational  system  there  is  hIm) 
an  unfortunate  break  in  continuity  of  instruction  in  tiie  subject  in  high 
schools  and  colleges,  so  that  few  become  acquainted  with  its  possibtlitiej 
as  a  vocation. 

S.  The  present  lack  of  collegiate  instruction  prevents  the  preseDtstion 
of  the  professional  posaibilitiea  of  geography  and  deprives  students  of  a 
general  training  especially  helpful  in  many  fields  of  activity. 

9.  The  productivity  of  the  relatively  few  specialists  in  geography  i? 
great,  covering  a  wide  range  of  subjects,  without  very  clear  definition 
of  the  limits  of  geography  toward  other  subjects,  either  as  to  method  or 
matter. 

10.  Closer  characterization  in  this  respect  would  help  adniinistrative 
educators  to  understand  the  advantages  accruing  from  the  establishnienl 
of  courses  in  collegiate  and  university  geography  and  their  proper  depart- 
mental association. 

11.  Besearch  in  geography  is  largely  unorganized  and  individual,  a- 
copt  in  the  field  of  exploratory  espeditions. 
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Introduction 


The  detailed  examination  by  tlie  U.  S,  Qeological  Survey  of  the  Idaho 
Phosphate  Beserve  has  made  necessary  the  mapping  of  considerable  areas 
occupied  by  igneous  rocks.  Such  rocks  are  abundant  in  southeastern 
Idaho  and  present  many  interesting  features.  The  igneous  rocks  of  the 
Fort  Hall  Indian  Reservation  have  already  been  described.*  In  the  pres- 
ent paper  it  is  proposed  to  summarize  the  igneous  geology  of  the  Cranes 


■  ManuHcrlpt  rreelrcd  by  tht  Secretary  of  (be  Soclet;  July  ::.  lftL:0. 

■  pubnibml  bj  periDlutoD  ot  the  Director  o(  the  1'.  S.  nmloglcal  Surrey. 

'G.  R.  UaaaSrld  and  B.  S.  Ijiriien  :  Nephellne  bB!<Btt  in  the  Fori  Hall  Indian  Rcuttb- 
tton,  Idaho.     Waablngton  Acad.  8«1,  Jour.,  vol.  r>.  no.  13.  .luLy  10,  1910,  pp.  403-4SS. 

C  It.  Man*Held  ;  The  seoEraphy.  spoIort.  and  mineral  reaourcpB  of  the  Fort  Hall  In- 
dUD  Kewrratton.  Tdatio.  witb  a  chapter  on  viatrr  tvaoMtcfa  by  W.  R.  Heroy.  tl.  S.  Grol. 
Hnrrey  BulL  71S.  pp.  BT-ei. 
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—Oentral  ycologicol  Jfop  0}  the  Crane*  Flat,  Httiry,  O"''  Lantt  Onat 
Quadrangltt,  Idaho 
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Flat,  Henry,  and  Lanes  Creek  quadrangles,  which  lie  in  a  group  15  miles 
or  more  east  of  the  Fort  Hall  Indian  Reservation  and  are  shown  in  the 
accompanying  map,  figure  1.*  A  more  extended  account  will  be  presented 
in  a  forthcoming  detailed  report  on  a  larger  region,  which  includes  the 
quadrangles  named. 

General  Distribution  and  Character  op  Rocks 

The  southeastern  corner  of  Idaho  is  composed  of  folded  and  faulted 
sedimentary  rocks  that  form  prominent  ridges  with  relatively  broad  inter- 
vening valleys  and  with  northerly  to  northwesterly  trend.  Here  and  there 
small  areas  of  igneous  rocks  occur,  but  Uiese  become  more  numerous  and 
larger  toward  the  northwest,  so  that  in  the  Lanes  Cruek,  Henry,  and 
Cranes  Flat  quadrangles  tlic  ridges  of  sedimentary  rucks  become  embaye<l 
and  stand  like  rocky  promontories  or  islands  in  a  sea  of  basalt  The 
igneous  rocks  here  represent  marginal  members  or  tntlows  of  the  great 
body  of  extrusives  that  constitutes  the  so-called  Knake  River  lava  plains. 

Although  there  is  considerable  variation  in  the  physical  condition  und 
appearance  of  the  igneous  rocks,  they  may  all  be  referred  to  three  groups, 
namely,  hornblende  andesite  porphyry,  rhyolitc,  and  olivine  basalt. 
Spt'i-imens  and  thin  sections  of  these  rocks  have  been  studied  by  E.  S. 
I^arsen,  Jr.,  and  the  late  J.  F.  Hunter,  to  whom  the  writer  is  indebted 
for  the  petrographic  descriptions  given  below. 

Early  uiiyolitic  Ash 

Occurrences  of  rhyolitic  or  latitic  tuff  in  the  Wayan  formation  (Ixiwer 
t    Cretaceous?)  furnish  the  earliest  record  of  igneous  activity  thus  far  rec- 
ognized in  the  region.    Two  general  occurrences  have  been  noted,  one  in 
the  southwest  14,  section  20,  township  5  south,  range  44  east,  in  tlie  Lanes 
(.'reek  Quadrangle,  and  the  other  in  the  northeast  %,  section  25,  township 
3  iM>uUi,  range  41  east,  in  the  Cranes  Flat  Quadrangle,    The  rook  has  a 
greenish  drab  color  anil  waxy  texture  and  on  broken  surfaces  shows  flakes 
of  biotite.     Included  with  this  rock  are  dark  reddish  to  flesh-colored 
bands  of  somewhat  coarser  texture  containing  considerable  feldspathic 
material,  which  is  kaolinized  on  the  weathered  surface.     Opaline  silica 
has  been  deposited  in  some  of  the  cracks.     In  thin  section  there  arc 
I   angular  fragments  of  fresb  plagloclase  and  quartz,  biotite,  and  pieces  of 
I   the  walls  of  broken  bubbles  in  a  fine,  feebly  polarizing  ground-mass.    The 
'    source  of  this  ash  must  probably  remain  a  matter  of  speculation.    On  the 
assumption  that  the  prevailing  winds  of  Txiwer  Cretaceous  time  had  sim- 

Tbe  Henry  aod  l.naea  Cr««k  quHdraDglPe  now 
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ilftT  cooiws  to  those  of  today,  the  nuterkl  miut  h&ve  come  from  weate^ri; 
sources.  Igneotu  activi^  ia  reported  from  a  number  of  rq^ions  at  cc»>- 
sidenAle  dutaDCea  to  the  Bonthwest,  west,  and  nwihwest  daring  Loiver 
Cretaceous  time,  bat  it  seems  to  have  been  attended  in  genial  by  coxxi- 
paratively  little  effusion.  A  single  great  outbarst,  the  ncorda  of  whtc^ 
may  have  been  removed  by  erosion  or  concealed  by  later  deposition,  would 
very  lilcely  suffice  to  produce  these  ash  beds. 

Hobnblbkhr  Akdbsitb  Pobphtkt 

In  the  district  here  deecribed  the  hornblende  audesite  porphyry  occnrx 
only  in  the  uortheastem  part  of  the  Cranes  Flat  Qoadran^.  Bodn  of 
this  type,  however,  are  rather  widely  distributed  in  the  gsnenl  r^oD. 
They  are  known  in  the  Portneuf  Quadrangle,  whidi  adjoins  the  Henrr 
Quadrangle  on  the  west,  and  in*  the  Fort  Hall  Indian  Beservatioii- 
Oaribon  Mountain,  in  township  i  south,  range  44  eas^  eut  of  the  CrtDW* 
Flat  Quadrangle,  owes  its  elevation,  9,854  feet,  to  the  occnrrence  and 
relative  resistance  to  weathering  of  intrusive  igneous  rocks  described  br 
St.  John*  as  gray  homblendic  trachyte.  The  same  name  ia  applied  bj 
him  to  the  igneous  rock  at  Sugarloaf  Mountain,  in  the  northeastern  ptrt 
of  the  Cranes  Flat  Quadrangle. 

Most  of  the  occurrences  in  this  quadrangle  are  dikes  with  possibly  Bone 
steeply  inclined  sills  that  vary  in  length  from  a  few  hundred  feet  to 
nearly  a  mile  and  in  width  from  4  to  20  or  more  feet  Sugarloaf  Moun- 
tain is  capped  by  a  sill,  or  incipioit  laccolith,  that  appears  to  cnnform 
with  the  folding  of  the  inclosing  strata  and  has  .a  maximum  thickness  of 
approximately  100  feet.  In  the  Cranes  Flat  Quadrangle  the  andesite  ia 
found  only  in  association  with  the  Homer  limestone  member  of  the 
Wayan  formation.  The  rock  ia  generally  deeply  weatiiered  and  at  many 
places  has  disiotcgrated  to  a  yellowish  or  greenish-yellow  gravel.  Tlw 
sill  at  Sugarloaf  and  some  of  the  dikes  furnish  massive  ledges,  but  at 
many  localities  there  is  no  Utlge,  the  position  of  the  dike  being  indicated 
by  yellow  gravel  and  scattered  pieces  of  weathered  andesite.  The  sill  at 
.Sugarloaf  ia  composed  in  part  of  relatively  fresh  rock  which  has  resisted 
w»'athering  and  pro(lu(;iK]  the  sharply  featured  hill  that  bears  the  name. 
Two  or  tliree  dikes  are  also  prominent  topographically. 

Tlie  rock  shows  some  variation  in  texture  and  mineral  composition.  It 
will  suffice  to  describe  two  specimens.  The  first,  M.  97-16,  section  O, 
townHliip  2  south.  raiif;e  43  cast,  is  macroscopically  a  light  gray  rock 
which  shows  ])lagioc-laae  phciiocrysta  ranging  in  size  to  a  maximum  of 
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bJie  centimeter  acro^,  prominent  but  smaller  liornblende  prisms,  and  a 
little  biotite  in  a  ground-niasH  that  has  the  appearance  of  a  microgranular 
iiclr.  The  thin  sectiun  showx  that  the  rock  contains  large  phenocrysts  of 
ludeaiue  and  pale  green,  zoned  hornblende.  There  are  a  few  crystals  of 
ipitite,  with  smaller  crj-stala  of  plagioclase,  biotite,  and  iron  ore  in  a  fine 
grouKJ-mass  that  is  chiefly  plagioclase,  but  that  probably  includes  some 
"rtiiac'lase  and  quartz. 

The  second  specimen  is  M.  110-16,  section  25,  township  S  south,  range 
H  eat.  summit  of  Sugarloaf  Mountain.  In  general  appearance  this  rock 
ililfers  from  some  of  the  other  types  in  having  no  large  feldspar  or  biotite 
wvBtais.  I'henocryBts  of  hornblende  one-half  to  one  centimeter  or  more 
in  length  and  locally  in  cruciform  arrangement  are  conspicuous  against 
I  Qiiiform  finely  crystalline  gray  ground-mass.  In  thin  section  the  rock 
showK  tittle,  if  any,  biotite ;  the  ground-mass  is  coarser  than  in  some  of  th^ 
uther  types  and  contains  considerable  quartz  and  orthoclase.  It  might 
lie  called  a  hornblende-quartz  latite  porphyry,  but  is  not  very  different 
from  M.  97-16. 

The  hornblende  andesite  porphyry  has  not  in  this  region  been  found 
in  contact  with  any  other  igneous  rocks  or  in  close  proximity  to  su<'h 
rotts.  Its  deeply  weathered  condition  is  noteworthy  and  suggests  that  it 
may  be  older  than  the  other  types,  none  of  which  shows  so  much  altera- 
tion. In  the  Fort  Hall  Indian  Reservation  andesitic  tuffs  of  somewhat 
different  composition  from  the  andesites  here  described  are  locally  over- 
lain by  rhyolite.  The  andesites  of  this  district  show  some  differences  in 
age,  for  in  section  22,  township  2  south,  range  42  east,  the  dikes  that 
contain  considerable  biotite  appear  to  cut  the  more  hornblendic  dikes, 
though  contacts  are  not  well  defined  because  of  weathering.  The  ex- 
tremely weatliered  condition  of  both  sets  suggests  that  the  difference  iu 
age  is  not  great,  and  that  in  all  probability  these  andesites  all  belong  to 
a  single  epoch  of  igneous  activity. 

Rhyolite 

The  rhyolites  of  the  district  are  confined  to  the  Henry  and  Cranes  Flat 
quadrangles.  In  the  Henry  Quadrangle  the  exposures  include  only  the 
three  large  hills  in  tlie  northwestern  part  of  township  7  south,  range  42 
east,  the  largest  of  which  is  known  as  China  Hat,  and  two  islands  in  the 
Blackfoot  River  Reservoir,  in  the  northeastern  part  of  township  G  south, 
range  41  east.  In  the  Cranes  Flat  Quadrangle  the  rhyolite  occupies  three 
areas  in  the  southwestern  part  of  township  4  south,  range  42  east,  the 
largest  of  which  includes  nearly  two  square  miles.  There  are  other  minor 
occarrencea. 
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The  rhjolit*  occurs  in  the  form  of  cones,  flows,  and  dikes  ( ?).  Thei* 
are  also  beds  of  volcanic  ash.  The  most  conspicuous  occurrences  ^re  the 
three  cones  south  of  the  Blackfoot  River  I{«servoir,  in  township  7  soutli. 
range  43  east,  called  respectively  China  Hat,  Middle  Cone,  and  14'ortli 
Cone.  The  cones  are  built  of  pumiceoue,  glassy,  and  perlitic  rhyoiitc. 
locally  like  obsidian  and  not  usually  distinguishable  as  separate  flows. 
The  greater  weathering  of  some  portions  of  the  rhyolite  and  the  relative 
frealmesa  of  other  portions,  since  tlie  rocks  concerned  are  essentially  of 
the  same  character,  suggest  that  the  cones  represent  ft  succession  of  eruj)- 
tions  rather  than  the  products  of  single  volcanin  outbursts. 

The  siliceous  rocks  of  the  region,  according  to  Mr.  Larsen,  show  little 
variation  and  they  probably  represent  in  the  main  closely  related  Qovf. 
The  chief  differences  are  teztural.  The  rocks  are  nearly  white  to  pale 
quaker-drab,  pink,  gray,  or  even  dark,  rather  poroas,  fluidal  rhyolitet'. 
which  include  a  few  crystals  of  quartz  and  orthoclase  with  a  little  plagio- 
clase.  They  carry  also  a  very  little  biotite,  which  is  partly  altered,  zircon, 
apatite,  and  iron  ore.  In  some  specimens  the  ground-mass  is  a  perlitio 
or  streaked  glass ;  in  others  it  is  composed  of  beautiful,  coarse  epherulites. 
These  commonly  consist  of  concentric  layers  with  gas  cavities  betwe«'n 
some  of  the  layers.  SpheruUtes  of  a  fibrous,  very  weakly  birefractiii" 
iieolite,  witli  an  index  of  refraction  of  about  1.4S5,  are  abundant  in  th<^^' 
cavities  (R.  6H-1C,  section  29,  township  4  south,  range  42  east).  In 
some  specimens  the  ipherulites  are  imbedded  in  glass.  In  others  (K, 
36-16,  northeast  Yi,  section  14,  township  fi  south,  range  41  east)  the 
sphcrulites  are  made  up  of  very  coarse  fibers,  and  these  appear  to  grade 
into  rude  phenocrysts  of  miurographic  iiitergrowtlis  of  quartz  and  ortho- 
clase. The  spherulitic  varieties  disintegrate  rather  readily  into  gravel. 
Tridymite,  or  a  mineral  that  resembles  it  under  the  microscope,  is  abun- 
dant in  some  of  the  rocks. 

The  thickness  of  the  rhyolite  has  not  been  determined.  Owing  to  the 
local  character  of  the  occurrences,  the  thickness  probably  varies  consid- 
erably from  place  to  place.  In  section  30  (umlesignated),  township  4 
south,  range  42  east,  canyons  have  been  excavated  more  than  200  feet 
without  cutting  through  it  The  mass  of  the  rhyolite  in  the  three  cone- 
south  of  the  Blackfoot  River  Reservoir  is  doubtless  considerably  greater 
than  now  appears,  for  their  lower  portions  are  concealed  by  basalt  to  an 
unknown  depth,  and  by  ash  deposits  and  soil. 

The  rhyotitic  cones  south  of  the  Blackfoot  River  Reservoir  are  sur- 
rounded by  basalt,  which  is  thus  younger  than  much  of  the  rhyolite. 
Similar  evidence  is  furnished  by  basalt  with  inclusions  of  rhyolite  on  the 
northwest  side  of  the  pond  in  the  soutlieast  14,  section  7.  township  7 
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south,  range  42  east.  Od  the  other  hand,  a  ledge  of  riiyolite  about  500 
feet  south  of  the  center  of  the  same  section,  on  the  nortli  slope  of  Middle 
Cone,  Gootains  inclusions  of  basalt.  Thus  some  of  the  rhyolite  is  younger 
than  some  of  the  basalt.  Similar  evidence  is  borne  by  the  occurrence  of 
rhyolitic  ash  above  basaltic  debris  at  severallocalities. 

Olivine  Basalt 

The  olivine  basalt  is  the  most  widely  distributed  of  the  igneous  rocks 
of  the  region.  The  Lanes  Creek  Quadrangle  contains  a  number  of  sepa- 
rated areas  of  basalt,  some  of  which  may  be  connected  under  cover,  but 
thin  can  not  safely  be  assumed.  One  of  the  larger  areas  is  continuous 
with  the  Henry  Quadrangle  basalt,  which,  like  a  somber  sea,  separates 
mountainous  sedimentary  masses  near  the  east  and  west  borders  of  that 
quadrangle  and  surrounds  the  three  rhyoUtic  cones  south  of  the  Black- 
foot  River  Reservoir.  The  basalt  is  partially  overspread  in  some  places 
by  hillwash  and  alluvium  and  elsewhere  by  soil  and  deposits  of  basaltic 
and  rhyolitic  ash.  Locally  these  deposits  liave  a  thickness  as  great  as  40 
feet  or  more.  This  is  particularly  the  chbc  in  districts  south  and  west  of 
the  reservoir.  The  outcrops  of  basalt,  however,  are  so  numerous  and  so 
well  distributed  as  to  leave  no  reasonable  doubt  of  the  continuity  of  the 
rock-mass.    Hence  that  district  is  all  mapped  as  basalt. 

More  than  half  of  the  Cranes  Flat  Quadrangle  is  underlain  by  basalt, 
which  is  distributed  in  much  the  same  way  as  in  the  Henry  Quadrangle. 
The  basalt  forms  two  great  areas  nearly  separated  by  the  high  sedi- 
mentary ridge  that  extends  northwestward  through  the  center  of  the 
quadrangle. 

The  basalt  occurs  in  four  general  forms,  namely,  flows,  cones  or  craters, 
dikes,  and  ash  beds. 

The  great  body  of  the  basaltic  rocks  of  the  region  is  in  the  form  of 
flows.  In  some  places,  as  shown  by  well  records,  sedimentary  deposits  lie 
between  the  flows.  In  most  places,  however,  nothing  intervenes  between 
the  flows;  their  distinction  is  made  on  textural  differences,  which  in  turn 
have  induced  differences  in  weathering.  Thus  cliffs  of  massive  basalt  10 
to  80  feet  high  are  locally  separated  by  thin,  platy  basalt  more  or  less 
concealed  by  blocky  talus.  The  basalt  has  the  characteristic  columnar 
and  cross-jointing  with  "ball-and-socket"  weathering.  The  number  of 
flows  recognized  in  any  one  vertical  section  is  usually  not  more  than  two 
or  three,  but  the  margins  of  flows  form  low  cliffs  on  the  broad  basaltic 
areas;  so  that  from  favorable  points  of  view  the  flows  resemble  dark 
waves,  such  as  on  a  smaller  scale  are  formed  by  successive  sheets  of  water 
outpoured  on  a  surface  and  then  frozen. 
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Sprinkled  here  and  there  over  the  dark  lava  fields  are  cones  that  range 
in  areal  extent  from  a  few  acres  to  perhaps  10  or  12  square  miles.  They 
are  composed  of  or  accompanied  by  flows  to  a  greater  or  leas  d^ree,  but 
their  more  conspicuous  features  are  cinder  cones  made  up  of  basaltic 
fragments  usually  strongly  red  colored  and  ranging  in  size  from  buck- 
shot to  masses  several  feet  in  diameter.  Usually  a  crater  is  present,  but 
locally  this  has  been  breached,  in  some  cones  by  explosion  and  in  others 
by  ercion. 

There  are  two  large  lava  cones,  each  surmounted  by  one  or  more  cinder 
cones  with  craters.  One  of  these,  called  Crater  Mountain,  is  located  in 
section  14,  township  5  south,  range  41  cast,  in  the  Henry  Quadrangle. 
The  cinder  cone  is  composed  of  reddish  and  bluish  black  frothy  basalt. 
It  is  about  3,000  feet  in  diameter  at  the  base  and  rises  more  than  3ilO 
feet.  The  sides  are  relatively  steep.  The  crater  is  about  1,700  feet  in 
diameter  and  has  a  maximum  depth  of  about  150  feet.  The  rim  is  uneven 
and  marked  by  hillg  composed  of  scoria  or  bodies  of  more  dense  lava  and 
SO  to  100  feet  high.  This  is  the  largest  cinder  cone  of  the  region.  From 
lieneath  this  surmuunting  cone  the  lava  slopes  away  on  all  sides,  but  par- 
ticularly to  the  south,  west,  and  north.  Eastward  it  abuts  against  the 
liigh  limestone  ridge  and  makes  its  way  through  tlie  neighboring  gap  for 
nearly  a  mile.  The  whole  accumulation  covers  an  area  of  nearly  10 
square  miles  and  its  summit  rises  alniut  !IO0  feet  above  the  surface  of  the 
Blackfoot  Biver  Reservoir. 

The  other  large  cone  forms  much  of  the  mass  known  as  Sheep  Moun- 
tain, in  the  nttrthwestem  part  of  tlic  Cranes  Flat  Quadrangle.  Tlie  sur- 
mounting cinder  cone  is  composite,  but  smaller  than  that  of  Crater 
Mountain.  The  underlying  lava  cone  is  dillicult  to  delimit,  but  is  esti- 
mated to  occupy  an  area  of  about  12  square  miles. 

On  the  map,  Plate  I,  the  cinder  cones  are  differentiated,  but  the  lava 
is  included  with  the  basalt. 

Aa  in  the  case  of  the  rhyolite,  the  dikes  and  ash  beds  are  relatively 
subordinate  features. 

The  cinder  cones,  though  widely  scattered,  show  a  close  correspondence 
in  the  general  character  of  their  component  rocks.  These  are  dark  red- 
brown  to  dark  gray  in  color.  Most  of  them  are  highly  acoriaceou^  and 
show  few  phcnocrysts  in  the  hand  specimen.  The  microscope  shows  that 
the  phenocrysts,  which  are  chiefly  olivine  and  feldspar  with  rare  augite 
and  magnetite,  constitute  from  a  very  small  proportion  to  about  half  the 
rock.  The  ground-mass  is  very  fine  and  partly  glassy  to  distinctly  crystal- 
line and  is  made  up  chiefly  of  augite.  feldspar,  olivine,  and  magnetite, 
with  some  apatite  and  hematite,     A  few  erratic  phenocrystft  of  resorbed 
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quartz  ire  present  in  specimene  M.  50-16  (southeast  14  "f  soutbweBt  ^, 
wtJOQ  21,  township  5  south,  range  42  east),  Henry  Quadrangle,  and 
R.  MS  (northeast  %  of  southeast  ^,  section  34,  township  7  south, 
nage  41  east).  The  rocks  are  rather  fresh,  except  that  the  olivine  is  in 
p»rt  altered  to  iddingsite,  and  secondary  analcite  is  present  in  the  yesicles 
olsame  of  the  specimens. 

Specimens  have  been  collected  from  the  basaltic  flows  in  many  parts  of 
the  district,  a  few  of  which  are  described  below.  Specimens  M.  214-13 
(wiutheast  ^  of  northeast  l^,  section  9,  township  7  south,  range  44 
ea.-t|  and  R  258-13  (southeast  ^4  "f  southwest  V4>  section  32,  township 
<i  south,  range  -14  east),  both  from  the  Lanes  Creek  Quadrangle  and 
examined  fa\  Mr.  Hunter,  are  aphaiiitic  and  vesicular  basalts.  In  thin 
*#ition  they  are  hypoerystalline,  subophitic,  and  somewhat  porphyritic, 
•■hnwinf;  a  few  scattered  phenocrysts  of  plagioclase,  olivine,  and  augite. 
Theee  are  but  little  larger  than  the  individuals  of  the  ground-mass.  The 
^Toand-masR  is  composed  chiefly  of  laths  of  plagioclase,  irregular  grains 
of  augite,  olivine,  magnetite,  and  a  small  amount  of  glass.  Tlie  plagiu- 
elaw  has  the  approximate  composition  of  labradorite. 

Specimens  M.  33-lS  (northeast  y^.  section  25,  township  4  south,  range 
4(1  east)  and  R,  95-16  (southeast  Vi.  section  13,  township  2  south,  range 
4fl  east),  both  from  the  Cranes  Flat  Quadrangle  and  examined  by  Mr. 
Lireen,  are  much  alike.  They  arc  gray  rocks  with  some  small  vesicles 
and  have  the  appearance  of  rather  coarse  diabases.  Crystals  of  feldspar, 
olivine,  and  augite  are  visible  with  a  pocket  lens.  The  raicrost^ope  shows 
tint  the  rocks  are  diabasic  in  texture,  and  that  they  are  made  up  of  calcic 
labradorite  laths,  olivine  crystals,  interstitial  augite,  and  a  little  groun<i- 
iMss,  apatite,  and  iron  ore.  The  ground-mass  is  a  glass  filled  with  skele- 
ton cml  a  Is.  A  small  amount  of  analcite  is  in  the  vesicles.  The  olivine 
I*  partly  altered  to  iddingsite. 

All  the  basalts  of  the  region  here  described  apparently  i'Oiitaiii  olivine 
'ndmay  be  classed  as  olivine  basalts.  There  are,  however,  many  dilTer- 
•^w  in  color  and  texture,  particularly  between  the  basalts  that  compose 
''it  cones  and  those  that  constitute  the  flows. 

All  are  relatively  fresh.  Mechanical  disintegration  has  occurred 
'Mally,  as  indicated  by  blocky  talus  piles  at  the  bases  of  many  cliffs. 
twmical  disintegration  has  produced  little  effect.  The  red  color  of  the 
*")ria  is  probably  in  part  at  lea*:t  original.  The  alteration  of  some  of  the 
winne  to  iddingsite  and  the  development  of  analcite,  as  described  above, 
'"gether  with  the  formation  of  white,  calcareous  coatings  in  favorable 
places,  and  the  local  development  of  l)rown  weathered  surfaces  are  the 
principal  chemical  alterations  to  he  noted.    The  soils  above  the  basalt  are 
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not  residual,  so  far  as  obeerved,  but  represent  finely  divided  particles  of 
drab-colored  clayey  material  so  arranged  as  to  suggest  vind-blown  dost. 
Locally,  the  basalt  is  overlain  by  rhyolitic  ash,  hillwash,  or  all'uvium. 

The  thickness  of  the  basalt  varies  considerably  from  place  to  place  and 
probably  depends  to  some  extent  on  the  character  of  the  underlying  topog- 
raphy. The  maximum  exposed  thickness  is  about  250  feet,  but  the  actual 
maximum  thickness  is  probably  much  greater. 

Contact  Metahorphish 

>>o  evidence  of  contact  raetamorphism  has  been  observed  in  connection 
with  the  basalt  and  practically  none  with  the  rhyolite.  The  andesitic  sill 
at  Sugarloaf  Mountain  and  some  of  the  andesitic  dikes  farther  northea'st 
have  produced  a  certain  degree  of  metamorphiem  in  beds  of  the  Homer 
limestone  (Lower  Cretaceous?)  with  which  they  have  come  in  contact. 
The  main  effect  has  been  the  induration  or  crystallization  of  the  lime- 
stone for  a  few  feet  from  the  igneous  rock.  There  has  been  some  inter- 
penetration  of  the  limestone  with  silica  and  at  two  localities  dark  circular 
masses  of  ohert  alvout  one-eighth  inch  in  diameter  give  the  rock  a  peculiar 
spotted  appearance.  These  may  he  due  to  the  replacement  of  poorly  pre- 
served tiny  gastropods,  such  as  occur  in  some  beds  of  the  limestone. 

In  the  northwest  '/i.  section  ",  township  6  south,  range  4.1  east.  Lane* 
Creek  Quadrangle,  a  metelliferouw  prospect  in  sandy  limestone  of  the 
Wells  formation  (Pennsylvanian)  furnishes  a  number  of  minerals,  para- 
ples  of  which  have  Ix-eu  examined  by  Mr.  Larsen.  Among  these  are  yel- 
lowish green  garnet  in  masses  and  small  crystals,  quartz,  chalcopyrito, 
malachite  (?),  and  tabular  hematite.  The  mineralization  is  purely  local 
and  points  to  the  proximity  of  igneous  rwk,  hut  none  is  exposed. 

Epochs  op  ioneoub  Activity 

There  is  evidence  for  at  least  five  epochs  of  igneous  activity.  The  pos- 
sibility of  three  other  epochs  is  also  recognized,  though  these  may  prove 
to  be  identical  with  some  of  the  five  just  mentioned. 

(1)  The  early  rhyolitic  ash  that  now  forms  a  poorly  exposed  indurated 
bed  in  the  Wayan  formation  probably  represents  a  single  volcanic  out- 
burst or,  at  best,  a  brief  epoch  of  igneous  activity.  The  source  of  the  ash 
is  unknown,  but  probably  lay  west  of  the  region  here  described. 

(2)  The  hornblende  andesite  porphyry  represents  probably  the  first 
igneous  activity  within  this  actual  region.  The  structural  relations  and 
character  of  the  rock  at  Sugarloaf  Mountain  show  that  considerable  ero- 
sion was  necessary  to  produce  the  present  exposures.     This  would  mean 
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greater  age  for  the  andeeite  than  for  the  other  igueoua  rocks,  vhich  were 
outpoured  on  the  aurface  and  have  not  been  greatly  eroded.  The  ande- 
sitic  toffs  of  the  Fort  Hall  Indian  Beaervation  are  mnch  altered  and 
represent  the  earliest  igneous  rocka  recognized  there. 

(3?)  The  inclusion  of  basaltic  fragments  in  rhyolite  may  mean  that 
aUvine  basalt  was  erupted  before  the  first  outflows  of  rhyolite.  The  rela- 
tive freshoeBs,  however,  of  both  the  basalt  and  the  rhyolite  and  the  prac- 
tical identity  in  mineralogic  character  of  the  basaltic  incluBions  with  the 
broad  basaltic  flows  suggest  that  the  inclusions  are  parts  of  the  main 
flows  and  that  the  inclosing  rhyolite  belongs  with  the  later  rhyolitic  ex- 
ImsiODS. 

(4)  Much  of  the  rhyolite  that  forms  the  cones  and  perhaps  the  greater 
part  of  the  flows  was  extruded  during  the  next  epoch, 

(5)  Basalt  surrounds  the  rhyolitic  cones  and  floods  much  of  the  lower 
ground  in  the  northwestern  part  of  the  region.  Some  of  the  basalt  in- 
cludes fragments  of  rhyolite.  Although  the  basaltic  outflows  were  prob- 
ably in  greater  part  of  the  quiet  type,  the  numerous  cinder  cones  and  the 
basaltic  ash  at  some  localities  indicate  that  some  of  the  eruptions  were 
explosive. 

(6)  A  second  rhyolitic  epoch  probably  gave  rise  to  the  lavas  that  in- 
clude fragments  of  basalt  and  supplied  rhyolitic  ash  that  here  and  there 
overlies  the  basalt.  From  the  relatively  smaller  volume  of  the  fresher 
flows  recognized,  this  epoch  was  probably  of  short«r  duration  than  the 
first  rhyolitic  epoch.  The  presence  of  ash  bctls  indicates  that  the  erup- 
tions were  in  part  of  the  explosive  type. 

(7?)  A  little  basaltic  flow  on  the  northwest  slope  of  Middle  Cone,  in 
the  northwest  14  of  southwest  V^,  section  7,  township  7  south,  range  i'i 
net,  Bnggests  a  possible  basaltic  episode  later  than  the  second  rhyolitic 
epoch.  The  basalt  with  inclusions  of  rhyolite  in  the  southeast  i?4  "^  the 
same  section  tends  to  support  such  a  view.  Additional  evidence  is  fur- 
nished by  the  presence  of  a  basaltic  ash  bed  between  beds  of  rhyolitic  ash 
in  a  cut  bank  of  Blackfoot  River,  in  section  16,  township  7  south,  range 
42  east.  These  features  may  be  the  result  of  a  single  basaltic  epoch,  but 
in  section  14,  township  5  south,  range  39  east,  in  the  Portneuf  Quad- 
rangle, rhyolite  with  gentle  easterly  dip  is  both  underlain  and  overlain 
by  basalt,  thus  indicating  two  basaltic  outflows  with  an  intervening  rhyo- 
litic flow. 

(8?)  The  most  recent  extrusive  activity  appears  to  have  been  rhyolitic. 
It  is  represented  by  deposits  of  rhyolitic  ash,  perhaps  the  higher  bed  of 
the  Blackfoot  River  section  above  mentioned,  and  by  the  explosion  craters 
now  occupied  by  ponds  between  Middle  Cone  and  North  Cone,  in  town- 
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Bbip  7  south,  range  43  east  Mounds  of  debris  including  both  rhyolitic 
and  basaltic  fragrnents  with  some  sedimentary  material  partly  surround 
the  craters.  The  craters  and  mounds  are  bo  fresh  that  they  might  easily 
have  been  formed  within  historic  time. 

With  the  exception  of  the  earliest  rhyoUtic  epoch  and  the  doubtful 
epochs,  the  record  of  igneous  activity  in  this  region  agrees  fairly  well 
with  that  in  the  Fort  Hall  Indian  Beservation,  but  no  nepheline-beanng 
rocks,  Buch  as  were  found  there,  have  been  found  here. 

Comparing  the  record  of  igneous  activity  in  southeastem  Idaho  with 
the  more  extended  record  of  the  Yellowstone  National  Park,"  some  70 
miles  or  more  to  the  northeast,  it  seems  probable  that  the  two  major 
events  of  the  Idaho  record,  the  extrusion  of  great  masses  of  rhyolite  and 
basalt,  were  in  general  contemporaneous  with  the  corresponding  events 
of  the  Yellowstone  Park.  It  is  to  be  noted  that  in  the  latter  region  some 
basalt  was  extruded  prior  to  tlie  outflows  of  rhyolite.  The  deeply  weath- 
ered hornblende  andcsite  porphyry  of  the  Idaho  record  may  correspond 
with  the  early  acid  breccia  of  the  Yellowstone  Park,  which  is  described  sk 
consisting  mainly  of  hornblcrulo  andenite  and  hornblende  mica  andesite. 
The  erosion  and  weathering  which  tlie  Idaho  aiidesite  has  experienced 
perhaps  favor  this  interpretation  rather  tlian  tliat  of  a  correspondence 
with  the  late  acid  breccia  of  the  park,  which  it  doubtless  also  resembles. 

OltKilN   OF  THE   IGNEODS   RoCKS 

The  simplest  view  of  magmatic  differentiation  as  applied  to  the  igneous 
rocks  of  this  district  is  that  these  rocks  were  formed  from  an  original 
magma  of  intermerliate  composition,  from  which  came  first  the  horn- 
blende andesite  porphyry,  and  tlien  by  continued  differentiation  the  seriw 
of  rhyolites  and  basalts.  This  oonoeption  would  accord  with  the  rule 
stated  by  Iddings,^  "that  in  any  period  of  volcanic  activity  the  earliest 
eruptions  are  of  rocks  having  an  average  or  intermediate  composition. 
and  that  subsequent  eruptions  are  of  magmas  with  more  and  more  divers* 
compositions,  the  last  eruptions  producing  the  most  diverse  kinds." 

Lindgren,'  summarizing  the  extrusive  activity  of  the  Cordilleras,  pre- 
sents a  different  view  of  the  problem.  He  divides  the  extrusives  of  the 
Cordilleras  into  two  groups,  one  of  which  "embraces  the  volcanoes  of  the 
Sierra  Nevada,  the  Cascades,  innumerable  vents  in  Nevada,  the  Yellow- 
stone Park  region,  and  the  San  Juan  country,  in  southwestern  Colorado. 

•  U.  B.  Geological  Burvcji  Kllng.  Folio  30.  1SB6. 

'J.  V.  Iddlogx:   iKDPoiw  rockB.  vol.  1,  p.  2GT.     New  York.  inoA. 

•  Wal(!ein»r  Litiilsi'eD  :  The  Ifnifoim  (tHJlogy  nf  thp  <' 
UDiverBitr.  SIlllmBD  FouDdatlon.  ini3.  Problems  ot 
2»T:     New  Harea,  1915. 
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All  these  yield  predominant  andesite  vith  considerable  rhyolite  and  minor 
masses  of  basalt,  and  it  Beeras  fair  to  advance  the  hypothesis  that  they 
are  caused  by  explosive  action  from  the  magmas  of  older  granodioritic  or 
quartz-monzonitie  batholiths,  whi<:h  have  had  time  to  differentiate  in  their 
upper  gas-charged  'cupolas,'  or  from  satellitic  intrusions  of  such  batho- 
liths. Wherever  we  find  local  intrusions  in  such  volcanoes  they  appear  to 
he  of  magma  of  intermediate  composition."  The  other  group  includes 
"the  Columbia  River  lavas,  many  fields  in  Nevada,  and  those  of  central 
anii  eastern  Arizona,  These  eruptions  go  over  into  the  type  of  latest 
Pliocene  and  of  Quaternary  age,  in  which  only  basalts  were  poured  out. 
It  seems  probable  that  these  eruptions  are  not  connected  with  the  grano- 
dioritic magmas,  but  are  of  more  deep-seated  origin." 

In  the  region  here  described  the  hornblende  andesite  porphyry  is  ap- 
parently the  oldest  of  the  igneous  rocks  in  place,  and  thus  represents  the 
first  products  of  the  magmatic  intrusion  of  the  region,  perhaps  before  any 
Kignificant  differentiation  had  taken  place,  if  the  simpler  view  implied  by 
the  citation  from  Iddings  is  assumed,  or  it  may  represent  a  differentiation 
product  from  a  granodioritic  magma  such  as  those  postulated  by  Lind- 
gren.  No  effusion  appears  to  have  occurred  in  this  immediate  region,  hut 
in  the  Fort  Hall  Indian  Reservation  considerable  areas  of  andesitic  tuff 
,=how  that  there  were  actual  volcanic  outbursts  not  far  away. 

The  rhyolites  and  basalts  may  represent  the  products  of  further  differ- 
entiation of  a  magma  of  intermediate  composition  or  a  granodioritic 
magma,  bet  the  basalts,  according  to  Lindgren's  view,  more  probably 
come  from  a  different  and  more  deeply  seated  magmatic  source.  The 
region  has  thus  been  underlain  by  at  least  one  great  body  of  rock  magma 
or  possibly  by  an  earlier  and  a  later  magma  at  different  depths.  From 
these  the  igneous  rocks  here  described  have  been  derived.  It  is  possible 
that  further  intrusions  or  effusions  may  develop  from  the  same  source, 
although  present  evidence  points  to  the  dying  away  of  volcanism. 

Modes  of  Ehdption 
,r  bffu8ivb  in  obaractbr 


Most  of  the  igneous  rocks  of  the  region  are  effusive,  though  a  few  dikes 
and  sills  and  an  incipient  laccolith  have  been  notcdt  The  hornblende 
andesite  porphyry  in  the  Cranes  Flat  Quadrangle  has  been  found  only  in 
intrusive  form, 

IXTRVeiOy  AT  BVOARLOAF  MOUNTAIN 

St.  John*  regards  the  intrusion  of  the  andesite  at  Sugarloaf  Mountain 
1  tbe  Trton  dlTlslon.     U.  8. 


XVIII — Boll.  Geol.  8oc,  Ah., 
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(hJB  Station  XVII)  ae  the  cause  of  the  upheaval  of  the  monntain.    He 
aaye: 

"AlthouEb  tbe  deposits  In  the  Immediate  Bouthweet  slope  of  Station  XVII 
are  somewhat  obscure,  and  withal  so  altered  by  metamorphtc  action  as  to 
render  tbelr  examination  difficult,  yet  their  more  favorable  exposure  In  the 
opposite  hillside  to  tbe  west  affords  satisfactory  data  for  the  determination  of 
the  relations  of  tbe  sedlmentartes  to  the  rolcanlc  phenomena  with  which  tbe; 
are  here  associated.  The  Igneoos  mass  protruding  In  tbe  crest  of  tbe  ridge 
seems  to  hare  t»een  forced  up  nearly  In  a  vertical  direction,  carrying  the  sedi- 
mentary beds  up  with  It  Instead  of  fracturing  them  at  once,  so  that  at  tbe 
extremities  of  tbe  upthmst  tbey  were  not  rent  apart  But  at  tbe  point  of 
greatest  tension  they  were  partially  fractured,  tbe  igneous  matter  following 
the  crevice  thus  produced,  as  a  wedge-shaped  mass,  which  subsequent  erosion 
has  bared,  and  thus  revealed  the  origin  of  the  little  anticlinal  fold,  of  whlcb 
It  forms  as  well  the  nucleus." 

Saint  John's  geologic  structure  section  at  Sugsrloaf  Mountain  is  repro- 
duced in  figure  2.  More  detailed  study  of  the  Sugarloaf  district  has 
shown  that  the  Homer  limestone  into  which  the  andesite  is  intruded  is 


FiauaE  2. — «nJnl  Jaltn'a  itmrliire  StcUoH  throu^  Sugarloat  MiMmlafH 

folded  iuto  an  inverted,  fan-shaped  Hynclinorium,  of  which  the  anticline 
at  Sugarloaf  Mountain  is  one  of  the  minor  folds.  The  intrusive  body  is 
a  thickened  sill  or  incipient  laccolith  that,  in  the  northwestern  extensioD 
of  the  mountain,  arches  with  the  strata;  but  beneath  tlie  summit  tbe 
southwest  limb  of  the  anticline  is  so  eroded  that  the  sill  is  exposed  as  ■ 
southwest- facing  cliff.  These  features  are  shown  in  the  accompanying 
map  and  geologic  structure  section,  figure  3. 

The  andesite  shaws  no  shearing  and  the  minerals  in  thin  sections  shov 
no  strain.  These  facts  indicate  that  the  lock  was  not  folded  after  its 
intrusion,  but  that  it  either  followed  structure  lines  already  established 
or  itself  participated  in  the  deformation  of  the  associated  strata.  The 
latter  view  seems  more  probable,  for  Lindgren,'"  after  a  study  of  the 
Cordilleras,  says : 

■■Waldemar  t^lDdBrea :  Op.  dt.,.pp.  362-281. 
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"Everywhere  Intrusions  correspond  to  uplifts,  and  tlie  evidence,  it  seems  to 
me,  iB  entire!}'  favorable  to  simultaneous  uplift  and  intrnRlon.  .  .  .  Can  wp 
doubt  tbat  uplift  was  one  of  the  TOnseqoenRes  of  batbolithic  Intrusion!  Is  it 
not  aiRO  probable  that  large  areas  of  elevation  In  the  Cordilleras  are  underlain 
by  concealed  bathoUths?" 

BXTRVSlOfi  OF  RB70LITE 

The  earlier  extruBione  of  rhyolite  that  cooatitute  probably  the  jtreatpr 
bulk  of  the  rhyolitic  masses  ehow  fairly  definite  relations  to  fracture  or 
fault  lines  in  many  of  their  occurrences.  The  alipiraent  of  the  cones 
and  craters  in  the  northwestern  part  of  township  7  south,  range  42  east, 
Henry  Quadrangle,  can  scarcely  be  accidental.  It  doubtless  markii  a 
fissure  or  more  probably  the  intersection  of  a  northeast-southwest  fissure 
with  a  set  of  fissures  having  a  notthwesterly  trend.  The  rhyolitic  islands 
in  the  Blackfoot  River  Reservoir  lie  in  close  proximity  to  a  concealeil 
fault  believed  to  pass  beneath  the  reservoir  and  to  connect  the  transverse 
faults  in  township  6  south,  ranges  41  and  42  east.  The  islands  may  mark 
the  intersection  of  this  fault  with  a  nortiierly  or  northwesterly  fissure 
perhaps  continued  northward  from  one  of  the  conea.  The  flows  in  town- 
ship 4  south,  range  42  east,  flrnnes  Flat  Quadrangle,  arc  also  believed  to 
overlie  a  fault.  The  later  extrusions  of  rhyolite,  so  far  as  distinguished, 
were  localized  in  general  along  the  lines  of  previous  rhyolitic  activity. 

EXTKUSIOK  OF  BASALT 

Bradley"  and  Peale'^  regarded  the  craters  near  Soda  Springs  as  the 
sources  of  the  lavas  of  this  region.  Hussell'*  also  shared  this  view.  Some 
of  the  craters  named  are  doubtless  those  of  the  Henry  and  Cranes  Flat 
quadrangles.  The  present  study  of  the  region  has  led  to  the  view  that 
these  craters  have  played,  on  the  whole,  a  relatively  subordinate  part,  and 
that  fissure  eruptions  were  probably  more  important.  Without  doubt,  both 
types  of  eruption  have  occurred  here,  but  it  is  not  possible  from  present 
data  to  evaluate  the  part  played  by  each  type.  Great  volumes  of  basalt 
have  undoubtedly  been  outpoured  from  the  volcanoes  now  called  Crater 
Mountain  and  Sheep  Mountain  and  probably  lesser  amounts  from  the 
smaller  cones.  On  the  other  hand,  the  prevalence  of  faulting  in  the  re- 
gion and  the  alignment  of  some  of  the  cones  strongly  suggest  the  impor- 
tance of  the  part  fissures  may  play.  In  some  localities,  as  in  section  K>. 
township  3  south,  range  41  east.  Cranes  Flat  Quadrangle,  and  sections  If 


"  F.  H.  Bradley :  Rrport  o(  tbe  Snake  Blvcr  DIvtBtoa.  U.  8.  Geol.  Snrre;  Terr.  Slli 
Ann.  R«pt.   riST2>.  1ST3,  p,  S04. 

>■  A.  C.  TcbIp  ;  Rrport  of  tbe  Orecn  RItpf  DItIkIod.  U.  B.  Q«oI.  aod  Ofoi.  Sutrpj 
Terr..  Ulh  Ann.  Rjpt..  ISTft.  pp.  643-644. 

'*J,  C.  RuBWII :  OcoloKT  and  wat»r  resources  of  the  Bnake  Hirer  plalna  at  )dibo. 
U.  S.  Geol.  Survey  Bull.  169,  1602,  p.  6S. 
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ind  30,  township  5  soath,  range  43  eastj  Ijanes  Creek  Quadrangle,  basalt 
ha  emaged  aloug  recognized  fault  lines.  Elsewliere,  as  in  parts  of  tlie 
Ijaes  Creek  Quadrangle,  the  basaltic  hills  soutli  of  Henry,  in  township  7 
mih,  range  42  east,  and  in  the  basaltic  hilts  and  ridges  west  of  Cranes 
Tltt,  in  township  3  south,  range  41  east,  the  occurrence  of  the  basalt  is 
eadi  is  to  make  doubtful  its  connection  with  existing  cones  or  craters. 

Sdccession  op  the  igneous  Rocks 

The  succession  of  the  igneous  rocks  of  this  region,  as  previously  indi- 
cted, probably  begins  with  an  intermediate  type,  andesite,  as  in  tlie  suc- 
tt«^ions  of  Ricbthofen  and  Iddings,  and  is  followed  by  alternation:)  of 
rhjoiite  and  basalt,  including  at  least  two  and  po^^iibly  three  outbursts 
otrbjolite  and  possibly  two  of  basalt.  The  geniTal  cojiclusion  of  Lind- 
gren,"  that  eruptions  close  witli  outpourings  of  ba.salt,  does  not  seem  to 
be  sustained  in  this  region.  Here  rhyolitic  ash  overlies  basalt  locally  and 
the  craters  between  the  cones  in  section  7,  township  7  south,  range  43 
tut,  are  bordered  by  piles  of  mingled  debris,  chiefly  rhyolitic.  A  similar 
Mulition  was  noted  in  the  Fort  Hall  Indian  Keservation,  where  a  dark 
wlcanic  sand,  composed  of  latitic  lapilli,  overlies  basalt.  It  is  possible 
that  ill  each  of  these  regions  some  flow  of  basalt  later  tlian  these  siliceous 
fru(rtioii9  may  exist  beyond  the  district  affected  by  the  rhyolite,  but  no 
juih  tjuw  has  thus  far  been  distinguished. 

Relations  of  ionkoiih  Rocks  to  sedimkntary  Rocks 

The  beds  of  earlier  rhyolitic  or  latitic  ash  in  the  Lanes  Creek  and 
Cntiea  Flat  quadrangles,  previously  described,  are  not  well  exposed,  but 
lliev*  appear  to  be  interbedded  witli  the  Wayan  formation  and  to  share  in 
ita  deformation. 

The  relations  of  the  hornblende  andesite  porphyry  to  the  accompany- 
ing sediments  at  Sugarloaf  Mountain  and  vicinity  have  already  been  dis- 
CTBsed.  The  folding  of  tlie  strata  is  not  noticeably  greater  at  Sugarloaf 
Mountain  Uian  in  many  other  parts  of  the  field  where  igneous  rocks  are 
Dot  exposed.  Thus  it  would  seem  that  the  part  played  by  the  intrusion 
of  the  porphyry  in  the  upheaval  of  the  mountain  was  relatively  iiisig- 
fliflcant,  but  the  intrusion  of  the  supposed  concealed  batholtth  from  which 
tbe  igneous  rock  was  derived  may  have  bcvn  an  important  factor  in  the 
general  deformation  of  the  region. 

The  rhyolite  in  the  Cranes  Flat  Quadrangle  overlies  inclined  strata 
ranging  in  age  from  Carboniferous  to  Lower  Cretaceous  {?).     In  the 

"  WaldemsT  Llndgren :  Op.  ulU  P-  -T-1. 
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adjacent  Portneuf  Quadrangle  (townehip  5  south,  ranges  39  and  40  east) 
it  also  overlies  the  Salt  Lake  formation  (Pliocene  ?) .  The  basalt  bears  a 
similar  relationship  to  the  pre-Qua ternary  strata,  and  in  the  Henry  Quad- 
rangle occupies  depressions  excavated  in  the  Salt  Lake  formation.  Both 
the  rhyolite  and  basalt  are  overspread  locally  by  the  earlier  Quaternary 
'deposits. 

AOE   OF    lONBOCS   BOCEB 

The  age  of  the  hornblende  aodesite  porphyry  at  Sngarloaf  Mountain 
_may  be  judged  only  by  its  structural  relations  and  present  state  of  preser- 
vation. If  contemporaneous  with  the  folding,  it  dates  back  to  the  major  ] 
deformation  of  the  region,  which  occurred  in  post-Cretaceoos  or  early  ' 
Eocene  time.  It  has  already  been  suggested  that  the  hornblende  audedte  i 
porphyry  may  correspond  with  the  early  acid  breccia  of  the  Yellowstone  1 
National  Park.  This  rock  has  been  shown  by  its  fossil  plant  remains  to  1 
be  of  Eocene  age.  In  the  Fort  Hall  Indian  Beservation"  andesitic  tnfb  1 
are  overlain  by  or  perhaps  in  part  interbedded  with  white  and  yellow  -  i 
conglomerates  probably  to  be  correlated  with  the  Salt  Lake  formstioa  J 
(Pliocene?).  On  the  assumption  that  the  andeeites  of  the  region  sre  J 
essentially  contemporaneous,  they  are  probably  not  later  than  early  Plio-  I 
cene  and  they  may  be  as  old  as  early  Eocene.  | 

In  the  Fort  Hall  Indian  Reservation  the  ages  of  the  rhyolite  and  basalt 
range  apparently  from  Pliocene  into  early  Quaternary.     Tlie  similarity 
of  the  igneous  succession  In  tlie  Fort  Hall  Indian  Keservation  with  tliat 
of  tlie  quadrangles  lien'  discussed  has  already  been  (Hiinted  out.     Hence 
it  seems  probable  that  tlie  ignwms  activitie,-*  In  the  two  areas  which  are 
neighbor iiig  partj?  of  the  siiine  general  region  were  essentially  contempo-     i 
raneous.     In  the  YelUiwstuiLe  Xational  Park  the  rhyollt*',  which  is  lie-     ' 
lieved  U>  be  eHSentially  eontcniiiuratieiius  with  that  of  southeastern  Idaho,     i 
overlies  tlic  Oaiiyoii  (-uiifrUiinerate,  fruni  which  were  taken  Imnes  identifie*!     ' 
by  ().  ('.  Marsh  as  part  of  the  skeleton  of  a  I'liiH'ene  fossil  horse. 

The  rhyolitie  ash  ..r  the  lleiirv  Quadrangle,  though  forming  .soil  at  » 
iiuniiRT  of  placeH,  does  not  so  ilearly  overlie  the  early  Quaternary  deposi*-*" 
as  does  the  latitie  asb  of  the  Fort  Hall  Indian  itesen'ation.  Howev*;^- 
the  recent  appearance  of  the  eraters  in  the  cast(?ni  part  of  section  7,  tow*"^' 
ship  7  south,  range  i'i  eiiMt,  and  of  tbeir  aecorapanying  debris  sugge*""^* 
that  their  age  is  jmibably  not  ^rreater  than  that  of  the  latitio  ash,  T^^^ 
age  here  assignol  to  the  rhvolite  and  basalt  accords  with  that  of  the  ha^i^^""^ 
of  the  geiienil  region  as  des.-rilied  by  I'eale'"  and  Hussell." 
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The  consolidated  rocks  of  tiiree-quarters  of  the  Province  of  Manitoba 
ire  of  pre-Camlinaii  age.     Our  geological  knowledge  of  tliciie  rocks  has 
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been  derived  from  two  types  of  exploration,  aamely,  track  smreys  with 
geological  notes,  performed  by  Bell,  Cochr&De,  Tyrrell,  Dowling,  aod 
Mclnnes,  and  more  detailed  geological  surveys  made  during  recent  years 
in  the  areas  where  active  prospecting  for  minerals  has  been  carried  on. 
It  is  the  object  of  the  present  paper  to  correlate  as  far  as  possible  the 
more  recent  information  which  has  been  obtained.  No  attempt  is  made 
to  apply  the  nomenclature  adopted  for  the  pre-Cambrian  succession  of 
any  of  the  geological  subprovinces  along  the  southern  border  of  the  Cana- 
dian shield,  and  the  only  comparison  offered  is  with  the  succession  found 
in  the  Bainy  Lake  area  of  Ontario — a  region  which  is  geographically  the 
nearest  and  geologically  the  most  similar  of  any  area  outside  the  Province 
of  Manitoba  where  detailed  work  has  been  done.  It  is  also  not  to  be  a£- 
Bumed  that  the  paper  is  a  final  statement  of  all  the  problems  connected 
with  the  pre-Cambrian  geology  of  Manitoba.  Complete  detailed  work  has 
been  performed  as  yet  in  but  few  places,  and  future  investigation  will 
doubtless  bring  to  light  many  new  facts.  The  following  discussion  is. 
therefore,  merely  an  attempt  to  collect,  in  summarized  form,  our  present 
knowledge  of  the  pre-Cambrian  history  of  the  province. 

General  Ciiaractee  of  the  Country 

The  soutliwesteni  part  of  Manitoba,  underlain  by  flat-lying  Paleozoic 
and  Cretaceous  strata,  is  separated  from  the  northeastern  part,  of  Ordi>- 
vician  and  Silurian  rocks  lying  in  the  James  Bay  basin,  by  a  broad  band 
of  pre-Cambrian  rocks  which  occupies  tliree-fourtlis  of  tlie  province.  .4 
few  outliers  of  Ordoviciau  dolomite  are  found  in  front  of  the  low,  irreg- 
ular escarpment  that  marks  the  euutact  of  the  Paleozoic  rocks  of  the 
southwestern  section  with  the  lower  lying  pre-Cambrian  formations.  The 
northeastern  contact  is  in  most  places  hidden  by  glacial  and  postglacial 
deposits. 

The  surface  of  tlie  pre-Cambrian  belt  slopes  gently  from  an  elevation 
of  aljout  1,300  feet  in  the  western  |)art  of  the  proviiit«  eastward  to  Hud- 
son Bay.  It  presents  the  features  no  uniformly  developed  over  the  eiitirie 
Laurentian  plateau,  the  two  moat  important  of  which  are  low  relief  and 
disorganized  drainage.  Only  in  few  places  do  elevations  rise  more  Uiaii 
100  feet  above  the  adjacent  lakes  and  valley  bottoms,  and  hills  of  greater 
heiglit  are  prominent  laiulmarks.  In  detail,  however,  the  surface  of  the 
country  is  very  irregular,  consisting  of  low  broken  ridges  separated  bj 
depressions  in  which  lie  lakes  aud  muskeg  awampa.  The  rivers  are  am'- 
cessions  of  lake  expansions  connected  by  streams  with  rapids,  waterfalls, 
and,  in  places,  narrow  gorties.  The  lakes  have  many  islands,  and  long. 
narrow  bays  give  them  a  great  length  of  shoreline  in  comparison  to  their 
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areal  extent.  In  parts  of  the  country  as  much  as  one-fifth  of  the  surfac 
is  water.  This  youthful  drainage  in  a  country  with  such  low  relief  is 
direct  result  of  disorganization  by  Pleistocene  glaciation. 

The  present  topography  in  largely  an  inheritance  from  pre-Ordovicis 
time  and  is  a  result  of  the  stripping  off  of  the  Paleozoic  sediments  whid 
once  covered  the  region.  That  the  topography  is  really  that  of  the  p» 
Paleozoic  surface  is  shown  by  the  profile  at  the  base  of  ihe  Ordoviciai 
Both  areas  of  Paleozoic  rocks  of  the  province  offer  an  opportunity  for  tJi 

study  of  the  surface  on  which  the  advancing  Ordovician  sea  deposited  it 

sediments.  It  was  a  surface  of  low  relief,  with  minor  irregularities  muc 
like  the  present  pre-Cambrian  surface.  It  was  also  a  surface  nearly  frc 
from  debris,  for  in  most  places  the  basal  Ordovician  horizon  is  dolomit" 
resting  on  fresh  pre-Cambrian  rocks.  Local  clastic  deposits  are  found  i 
the  base  of  the  Ordovician  on  the  Lower  Churchill  River,'  in  the  vicinit 
of  the  Cranberry  lakes,'  where  a  sandstone  occurs,  and  at  some  othe 
places ;  but  these  claetiG  beds  are  exceptional. 

Qeneral  Character  of  the  pbe-Cahbrian  Rocks 

Granite  and  granite-gneiss  form  approximately  98  per  cent  of  the  rodk 
of  the  pre-Cambrian  belt  of  Manitoba.  Here  and  there,  however,  ai 
areaa  of  volcanic  and  sedimentary  rocks  which  afford  the  only  means  ( 
deciphering  the  pre-Cambrian  history  of  the  province.  These  areas  u 
mere  remnants  whicli  escaped  the  erosion  of  pre-Ordovician  time.  Sou 
of  them  are  synclinal,  naught  between  rising  granite  masses,  and  thei__ 
limited  area  shows  the  great  extent  of  the  erosion  which  stripped  an 
incised  the  batholiths.    Tliese  rocks  occur  in  ten  main  areas.    The  folloB 

ing  table  shows  the  succession  of  the  formations  in  each  area,  but  it  i 

not  meant  to  suggt-st  that  there  is  any  definite  correlation  of  types  frM 
area  to  area.  In  neigjiboring  districts  similar  formations  may  be  ^ 
proximately  of  the  same  age,  but  where  areas  are  separated  by  long  dii 
tances  detiuite  correlation  seems  now  to  Ijc  and  may  always  be  impossibi?"*'* 

Description  op  Areas 
athapapv8k0w  lasb  area' 

The  Athapapuskow  Lake  area  lies  50  miles  north  of  the  Saskatchewi 
River  and  is  part  of  a  larger  area  ext^-nding  westward  beyond  Amii 
lake,  in  the  Province  of  Saskatchewan.  The  following  is  Uie  pre-Cai 
brian  succession : 

■F.  I.  Alcock  :  <ieo1.  Surv.  Can.,  Sum,  Rrpt..  191S.  p.  13S. 

» J.  B.  Tyrrell :  Ceol.  Surv.  On,,  Ann.  Kept.,  vol,  illl,  part  F.  p.  39, 

•B.  U  Bruce:  Ainlgh-AlbaiiapUKkov  map  area.     Geol.  8ur»,  Can..  Uemoir  10.1. 
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KanUnls  granite. 

Granlte-gDelas. 

Hybrid  Kranlte  rocks. 
UntraslTe  contact) 
Upper  MIssl  series Arkose. 

Conglomerate. 
(Uncooformlty  <}).) 
Lower  Mlaat  serlea Slate. 

Qraywacke. 

Qnartrlte. 

Conglomerate. 
(UDCooformlty.) 

Cllir  Lalce  Kranlte-porpbj^rr. 
(Intnislre  contact) 
Klsseynew  gnelases. Sedimentary  and  Igneous  gnelaaes  and 

B<±lst8. 

Amlsk  series Lavas,  tnffs,  agglonierates  and  derived 

scblsts. 

The  oldest  rocks  of  the  region  are  volcanics,  representing  ancient  snr- 
tace  flows,  with  fragmental  rocks  of  volcanic  origin,  ash  beds,  and  ag- 
glomerates. Some  intrusive  rocks  closely  related  to  the  surface  types 
occur.  The  surface  flows  are  now  massive  greenstones  that  locally  retain 
their  original  ellipsoidal  and  amygdaloidal  stnictares.  The  massive 
greenstones  have  sufFcred  severe  metamorpbism  and  in  thin  section  are 
seen  to  consist  of  nothing  but  a  felt  of  secondary  minerals.  In  places 
iutense  shearing  and  squeezing  have  developed  marked  schistosity.  The 
greenstone  rocks  are  intruded  by  dikes  of  quartz-porphyry,  a  light  gray, 
^ne-grained  rock  in  places  showing  macroscopic  quartz  phenocrysta.  A 
complex  of  gneissic  rocks  occurring  in  the  northern  part  of  the  area  is 
described  under  the  term  Kisseynew  gneisses.  Some  of  the  gneisses  are 
of  sedimentary  origin,  but  there  are  also  many  sills  and  bosses  of  intru- 
sive rucks.  The  sedimentary  members  are  well  bedded,  light  to  dark 
colored  rocks,  which  consist  of  quartz,  feldspar,  biotite,  and  garnet.  The 
igneooB  rocks  are  granit«-gneiasea,  some  of  them  garnetiferous,  probably 
^'here  masses  of  sediments  have  been  absorbed.  A  great  number  of  large 
pegmatite  dikes  occur  with  this  group.  The  sedimentary  gneiss  appears 
to  overlie  the  Amisk  volcanics,  but  no  trace  of  an  unconformity  was  found 
between  the  two,  and  the  relation  appears  to  be  a  gradual  transition  from 
the  dominantty  igneous  rocks  of  the  Amisk  group  to  the  dominantly  sedi- 
mentary rocks  of  the  Kisseynew  gneisses.  It  is  possible  even  that  some  of 
the  bands  of  the  latter  are  merely  altered  representetives  of  the  former. 
The  gneisses  are  therefore  assumed  to  be  merely  the  up])er  part  of  a  great 
formation  of  which  the  Amisk  volcanics  form  the  lower  part. 
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East  of  CliS  Lake,  rocks  of  the  Amisk  volcanic  group  are  intruded  br 
granite-porpliyry,  a  pink-colored  rock  mottled  with  pale  blue  to  lavender- 
colored  phenocrysts  of  quartz.  This  is  regarded  as  older  than  the  sedi- 
mentary series  described  under  the  term  Missian,  on  account  of  the  pres- 
ence in  t^e  sediments  of  grains  of  peculiar  bluish  quartz  similar  to  the 
quartz  of  the  granite-porphyry  and  of  pebbles  of  granite  with  striking 
graphic  intergrowths  similar  to  textures  displayed  by  the  rocks  of  the 
CliS  Lake  boss. 

The  Missian  sediments  are  typically  developed  on  Miasi  Island,  at  the 
northern  end  of  Amisk  Lake.  They  are  divided  into  two  groups,  de- 
scribed respectively  as  the  Lower  and  the  Upper  Uissi.  The  Lower  Missi 
consists  of  conglomerate,  quartzite,  slate,  graywacke,  and  carbonate  rocks. 
The  greater  part  of  the  series  consists  of  a  great  thickness  of  quartcite 
and  slate.  The  slates  are  extensively  drag  folded,  and  consequently  their 
thickness  may  be  much  less  than  it  appears. 

The  lithology  of  the  rocks  of  the  Lower  Missi  is  sufficiently  different 
from  those  of  the  Amisk  group  to  justify  differentiation  from  the  vol- 
canics,  and,  moreover,  there  is  structural  evidence  of  an  unconformity 
between  the  two  series.  In  most  places  the  slates  and  quartzites  dip  ven>' 
steeply  or  are  vertical,  and  the  position  of  the  axes  of  the  folds  can  be 
inferred  only  by  interpretation  of  the  minor  folds.  Along  the  southern 
limb  of  tlie  syncline  lying  jnst  north  of  the  bay  into  which  Sturgeon  Weir 
River  empties  the  fold  has  not  been  so  closely  compressed.  There  tlie 
slates  of  the  Missi  group  strike  nearly  west  and  dip  northward  at  angl* 
of  30  degrees  or  less.  The  general  strike  of  the  schistosity  of  the  volcsiiic 
rocks  in  this  vicinity  is  north  to  northeast.  TTence,  since  the  comprea.'^iun. 
which  threw  the  sediments  into  close  folds,  developed  a  northwesterly 
trending  structure,  it  is  evident  that  the  slates  overlie  the  volcaniei^ 
unconfurmably  and  were  deposited  after  some  schistosity  had  already 
developed. 

The  character  of  the  sediments  indicates  a  period  of  rather  unstable 
conditions,  with  alternations  of  well  sorted  siliceous  material  now  form- 
ing quartzites,  clayey  beds  now  slates,  and  less  well  sorted  debris  whieh 
has  consolidated  as  graywacke.  Certain  ])eriods  were  sufficiently  undi.'- 
turbed  to  produce  thin  bands  of  carbonate  rooks,  but  even  In  these  there 
is  a  large  proportion  of  detritus.  Apparently  the  period  of  sedimentation 
was  one  of  many  changes,  and  all  of  the  rocks  belong  to  shore  or  near- 
shore  types. 

The  lJ]>per  Missi  rocks  consist  of  arkose  and  conglomerate  which  in 
places  rest  uucon  forma  hi  y  on  the  Amifk  vohanic-s.  No  contact  was  founil 
with  the  Lower  Missi.  but  the  presence  in  tlie  conglomerate-arkose  of  the 
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L'Pper  Mieei  of  quartzite  pebbles  similar  to  the  quartzite  of  the  Lower 
Missi  is  considered  evidence  of  an  unconformity.  One  boulder  of  con- 
glomerate was  also  found  in  the  Upper  Missi  conglomerate.  Along  the 
Dorthem  border  of  the  Upper  Misei  couf^lomerate-arkose  area  are  bands 
of  hornblende-bearing  schistose  rocks  that  apparently  belong  to  the  sedi- 
mentary series. 

The  rocks  of  the  Upper  Missi  group  are  poorly  sorted.  They  consist 
principally  of  a  fairly  feldspathic  arkose  now  considerably  recrystallized. 
Much  of  it  is  conglomeratic,  and  neither  the  finer  grained  arkosic  bands 
nor  the  coarser  conglomeratic  bandB  have  great  linear  extent.  In  many 
places  conglomerate  bands  a  foot  in  thickness  have  a  length  of  only  a  few 
(eet.  A  great  variety  of  pebbles  are  found  in  these  beds.  Oranite-gneiss, 
<|uartzite,  and  vein  quartz  with  considerable  jasper  are  the  most  abun- 
dsnt,  but  fragments  of  greenstone  also  occur.  Some  of  the  greenstone 
fragments  were  apparently  schistose  before  being  included  in  the  sedi- 
mentg,  showing  that  a  period  of  folding  intervened  between  the  extrusion 
of  the  lavas  and  the  formation  of  the  Upper  Missi  conglomerate.  No 
*el!  sorted  rocka  nor  limestones  occur  and  all  the  characteristics  of  the 
•hole  Upper  Missi  group  are  those  of  terrestrial  sediments  laid  down  by 
torrential  streams  under  climatic  conditions  suitable  for  the  maximum 
of  mechanical  disintegration. 

Granite  and  granite-gneiss  are  intrusive  into  rocks  of  the  Upper  Missi 
Mries  and  all  the  older  formations.  They  are  the  youngest  pre-Cambrian 
rocks  of  the  region. 

RBBD-WBKVBKO  AREA  • 

The  Reed-Wekusko  area  adjoins  the  Athapapuskow  map  sheet  on  the 
***(;.  The  two  form  a  continuous  belt  extending  in  an  east  and  west 
''irection  for  a  distance  of  130  miles,  but  the  former  presents  some  fea- 
'"res  distinct  from  the  latter.  The  prc-Cambrian  succession  of  the  Reed- 
"eliiiako  area  may  be  tabulated  as  follows: 

^Oiollthic  intniBlvea. Granlte-gnefss  and  Its  differentiates. 

I'Pmns  contact.) 
"**toJto  group. 

*"ca  scblst fiarnet-Hf  nurolUe  ond  cyanite-bearing 

varieties, 
"^met^gnelsfl. 
'"^ywacke,  nrkose,  quart  site,  conglomerate, 
^'at*  and  phylllte. 
^l»kl  Tolcanlcs. 

Antoclastlcs  and  pyroclastlcs. 

„   ~'  ^-   Akock:  The  Reed-W«kuiiko  map  area,  nortbern  Manitoba.     Geol.  Surr.  Can.. 
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Add  volcanlcs,  IncludliiK  qnartz-porpbyo'i  rbfoUte,  and  deriTed  seil- 

dtlc  Bcblsts. 
Basic  volcanicB  (gre«niitoiies),  lucludtng  andestte,  basalt,  dlorlto,  end 

derived  chlorite,  mica  and  hornblende  schists. 

The  volcanic  rocks  nowhere  occupy  large  areas  in  the  region,  for  the 
*  most  part  fonning  fringes  along  the  lakes.  The  basic  or  greenstone 
varieties  are  the  most  abundant,  but  a  zone  of  dominantly  acid  rocks 
occurs  along  the  east  coast  of  Wekusko  Lake  and  is  economically  impor- 
tant because  it  contains  the  larger  quartz  reins  of  the  area.  The  rocb 
consist  of  flows,  tuffs,  breccias,  and  intrmives,  with  schists  derived  from 
these  types.  In  some  of  the  massive  greenstone  definite  evidence  of  flow 
origin,  such  as  amygdaloidal  and  ellipsoidal  structure,  is  observed;  in 
other  massive  types  the  rock  is  coarser-grained  and  in  thin  section  pre- 
sents the  character  of  diorite,  which  may  represent  either  the  interior 
portions  of  thick  flows  or  intrusives.  Some  of  the  flow  rocks  have  the 
composition  of  basalts;  intermediate  types,  however,  of  the  composition 
of  andesites  and  danitea  are  more  common. 

The  acid  volcanic  members  are  light-colored  rocks,  in  places  massive, 
in  places  sheared  into  sericite  schists.  They  vary  in  composition  from 
rhyolite  to  dacite.  Some  are  porphyritic,  with  phenocrysta  of  quartz  and 
feldspar.  Acid  flow  breccias  and  finely  banded,  gray  tuffs  are  also  asso- 
ciated with  the  flows. 

The  sedimentary  rocks  of  the  Wekusko  group  consist  of  garnet  gneisses, 
mica  schists,  and  bands  of  arkose  and  conglomerate.  The  dominant  rock 
type  is  a  finely  banded  gneiss  varying  from  light  gray  to  dark  gray  in 
color.  Nearly  everywhere  the  rock  is  gametiferous  and  in  places  gamete 
are  very  abundant.  On  the  weathered  surface,  lines  of  original  bedding 
and  croes-bedding  may  locally  be  distinguished.  In  thin  section  the  rock 
is  seen  to  consist  of  quartz,  orthoclase  and  plagioclase  feldspar,  biotite, 
and  mnscovite,  with  accessory  iron  oxide  and  apatite.  The  mica  shreds 
are  parallel  and  the  quartz  grains  are  fresh,  with  interlocking  outlines 
showing  that  the  rock  has  suffered  recrystallization. 

The  mica  gneisses  pass  by  loss  of  feldspar  into  mica  schists.  Of  these 
there  are  several  varieties,  depending  on  the  character  of  the  secondarr 
silicates  developed  in  them.  Some  contain  many  well  <;rystallized  garnets, 
a  few  of  which  reach  a  diameter  of  over  two  inches.  In  other  types 
staurolite  is  the  characteristic  mineral,  with  crystals  from  one  to  four 
inches  in  length,  which  stand  out  prominently  on  weathered  surfaces. 
The  matrix  is  a  biotite  schist  containing  small  red  garnets.  In  certain 
outcrops  small  staurolite  crystals  lie  in  bands  which  apparently  mark  the 
original  bedding  planes.    In  one  locality  a  cyanite-bearing  schist  is  inter- 
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handed  with  staurolite  and  garnet  schists.  The  eyanite  crystals  stand  out 
in  fan-ahaped  aggregateB.  Certain  bands  contain  both  eyanite  and  stau- 
rolite, others  contain  staurolite  and  garnets,  still  others  contain  only  one 
of  these  minerals,  and  several  bands  consist  of  a  white  muscovite  schist 
vtth  no  other  secondary  silicates  developed. 

In  places  narrow  bands  of  Uie  garnet-  and  staurolite-bearing  schists 
are  conglomeratic,  containing  squeezed  pebbles  and  boulders  of  quartz, 
granite,  and  volcanic  rocks.  A  few  wider  bands  of  conglomerate  occur 
in  the  area,  some  of  which  may  possibly  correspond  to  the  Missian  sedi- 
ments of  the  Athapapuskow  area.  The  matrix,  however,  is  gametiferous, 
and  DO  definite  field  evidence  was  found  that  any  of  them  are  infolded 
sediments  unconformably  overlying  the  volcanic  and  schist  rocks.  On 
the  other  hand,  conglomerate  is  in  places  definitely  interbanded  with 
rhyolite.    Hence  the  whole  is  regarded  as  essentially  one  series. 

All  these  rocks  are  intruded  by  granite  and  pegmatite.  In  places  the 
secondary  silicates  in  the  older  rocks  appear  to  be  a  result  of  contact,  and 
in  others  of  regional  metamorphism.  In  several  places  they  are  abun- 
dantly developed  near  granite  stocks  and  the  schistosity  of  the  inclosing 
rocks  follows  the  contact,  but  in  other  places  there  is  no  adjacent  intru- 
sive, and  yet  the  whole  series  is  intensively  metamorphosed.  This  seems 
to  be  regional  metamorphism. 

Of  the  intrusive  rocks  massive  granite  is  more  characteristic  than  the 
well  banded  granite-gneisses.  Bed  and  light  gray  are  the  prevailing 
colors,  although  more  basic,  dark  gray  types  are  found  locally,  especially 
along  the  borders  of  the  intrusives.  In  t«xture,  all  phases  from  coarse  to 
fine-grained  are  found  and  porphyritic  types  locally  occur  along  the  bor- 
ders of  stocks.  The  composition  varies  from  acid  granite  to  diorite. 
Biotite  granite  is  the  most  common  variety,  but  hornblende  and  horn- 
blende-biotit«  types  are  also  found.  Pegmatite,  lamprophyre,  and  aplite 
dikes  and  quartz  veins  occur  as  late  differentiates. 

CROBB-PIPB8T0SS  AREA  • 

Pipestone  and  Cross  lakes  are  expansions  of  the  Nelson  River,  situated 
approximately  60  miles  north  of  the  northern  end  of  Lake  Winnipeg. 
The  pre-Cambrian  rocks  of  the  region  consist  of  granite  and  granite- 
gneiss  intmsive  into  a  complex  of  sedimentary  and  volcanic  rocks  and  in 
turn  cut  by  gabbro  and  diabase  dikes.  The  granite  covers  much  the 
greater  part  of  the  area,  the  older  rocks  being  restricted  to  narrow  fringes 
along  t^e  shores  of  the  lakes  and  to  some  of  the  islands. 

The  volcanic  members  of  the  pre-granite  complex  are  dominantly  basic 

larr.  Can.,  Sum.  Bept. 
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flows,  in  places  ahowiDg  ^ood  ellipsoidal  structure.  In  thin  section  thev 
are  all  seen  to  be  highlv  altere<!,  consisting  of  a  mass  of  secondary  min- 
erals, chiefly  light  green  hornblende,  sericite,  epidote,  and  carbonate  with 
iron  oxide  in  varying  amounfa;.  The  rocks  grade  into  schists,  of  which 
the  chief  varieties  are  those  containing  chlorite  and  hornblende.  Horn- 
hlende  schist  is  a  common  phase  near  the  contacts  with  granitic  intrn- 
sives  and  in  places  it  is  garnetifemus.  An  outcrop  of  a  white  anorthot^itc 
on  an  island  in  Pipestone  I^ke  near  the  mouth  of  Nelson  River  consist- 
almost  entirely  of  labradorite.  From  its  association  with  the  greenstmie 
Tolcanics,  it  is  c<inflidered  to  be  a  differentiate  from  them.  Other  fine- 
grained, dark  rocks  with  banded  structure  associated  in  places  with  the 
more  massive  volcanic^  arc  thought  to  be  tnffs.  With  the  massive,  dark- 
colored  flow  rocks,  light-colored  acid  types  occur  locally,  commonly  a* 
parallel  hands  alternating  with  the  darker-colored  varieties.  In  plsfps 
they  have  the  appearance  of  lieiiig  intcrbanded  flow  rocks,  and  in  otlierr; 
they  have  dike  relationships  cutting  the  basic  rocks.  Thin  sections  show 
that  they  are  fine-grained  rocks,  consisting  of  quartz  and  feldspar  with 
phenocrysts  of  orthoclase,  acid  plagioclase,  and  quartz. 

The  sedimentary  rocks  of  the  complex  are  exposed  chiefly  between 
Cross  and  Pipestone  lakes.  The  succession  is  from  greenstone  through 
finely  banded,  dark,  tuffaceous  bods  to  true  sediments  which  become 
coarsely  conglomeratic.  The  sediments  stand  vertically  or  with  steep 
dips.  They  are  poorly  sorted  and  show  great  irregularities,  both  alonf! 
and  across  their  strike.  The  conglomerate  layers  contain  boulders  of 
granite,  acid  and  basic  volcanic  rocks,  and  vein  quartz.  The  granite  and 
quartz  pebbles  are  well  rounded,  whereas  most  of  those  of  volcanic  origin 
are  subangulsr.  The  series  is  coarsely  cross-bedded  in  a  manner  sug- 
gestive of  torrential  river  deposits.  A  band  of  greenstone  800  feet  in 
thickness  lies  between  two  beds  of  conglomerate. 

Two  other  areas  of  sediments  occur  in  the  region.  The  rocks  of  Indian 
Reservation  and  adjacent  islands  are  quartzite  and  sedimentary  gneisi' 
with  conglomeratic  horizons.  On  the  northwest  shore  of  Indian  Reser>'a- 
tion  Island  a  band  of  greenstone  lies  between  two  beds  of  conglomeratic 
garnet  gneiss.  The  lower  bed  is  coarsely  conglomeratic,  with  larpe 
boulders  of  granit«  which  have  been  squeezed  out  parallel  to  the  contact 
with  the  adjoining  granite.  The  third  area  consists  of  a  strip  of  tlie 
mainland  near  the  outlet  of  Cross  Lake.  The  dominant  rock  type  is 
finely  banded  gneiss  which  is  nearly  everywhere  gametiferous.  Locally, 
certain  bands  contain  rounded  pebbles  and  boulders,  for  the  most  part  of 
granite.  The  beds  nearly  everywhere  are  vertical.  I»cally,  a  hybrid  rock 
has  been  produced  by  lit-par-lit  injection  of  granite  along  the  bedding 
planes  of  the  sediments. 
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The  aeries  is  ioterpreted  as  one  of  conformable  sediments  interbanded 
with  volcanic  rocks. 

KSEEOXFORD  LAKEB  DIBTRlCf 

In  the  Knee  Lake  district  a  complex  of  volcanic  and  sedimentary  rocks 
is  intruded  by  stocks  and  batholiths  of  granite.  The  solid  rocks  are 
thickly  covered  by  Pleistocene  and  Recent  dcpositB,  and  outcrops  are 
neither  large  nor  continnons.  Hence  the  relationships  of  the  different 
funnations  must  not  be  considered  as  unquestionably  determined  and  the 
succession  suggested  may  require  some  modification. 

Table  of  prc-Cambriatt  Ft>rmaliona 
Granite. 

(Intrnslve  contact.) 
QnartE-porphyrr  dikes. 
(IntruslTe  contact.) 

Pre-granite  complex Upper  part.  Lavsfi,    tjiffs,    and    volcanfc    f rag- 
mental   rockM,   with   some   sedi- 

Lower  part.  Conglomerate  slate  graywacke. 
Biottte  gneiss,  etcetera,  wltti 
some  lava  flows. 

Lithological  Characters 
Pre-Granite  Complex,  Lower  Part 

The  lower  part  of  the  pre-granite  complex  is  dominantly  sedimentary 
in  origin,  but  volcanic  fragmental  rocks  and  some  lavas  arc  interbcdded 
irith  the  sediments.  The  sedimentary  beds  are  heterogeneous  in  character 
and  seem  to  be  variable  from  place  to  place  along  the  strike.  The  various 
ty[tes  include  biotite  gneiss,  garnet  gneiss,  massive  biotite  rocks,  slate, 
impure  quartzite,  and  conglomerate.  The  gneisses  and  the  massive  biotite 
rock  are  the  most  commonly  exposed,  because  most  resistant.  The  biotite 
gneiss  is  a  grayish  rock  that  weathers  a  dull  brownish  gray.  It  is  well 
banded,  and  weathered  surfaces  show  the  banding  prominently  due  to 
dilTerence  in  the  hardness  of  the  laminations.  In  places  the  harder  layers 
are  attacked  transversely,  leaving  them  merely  as  rows  of  conical  eleva- 
tions. 

Under  the  microscope  the  mica  schists  arc  found  to  consist  largely  of 
(|uart2  grains,  many  of  which  show  distinct  rounding.  •  The  biotite  is 
arranged  in  parallel  position.  Some  foils  lie  between  the  quartz  indi- 
virluals,  but  much  of  it  penetrates  the  quartz  and  is  apparently  secondary 

•  E.  L.  Bruce :  Rnpe-Oitord  irwu     Oeol.  Surv.  Cbd..  Sum.  Repl.,  1B19, 
XIX — Bull.  Gkol.  &op.  Am..  Vol.  32.  1820 
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in  origin.    Some  feldepar,  both  plagioclsee  and  ortboclase,  is  present  a  n< 
if>  replaced  to  an  even  greater  extent  than  is  the  quartz.     A  little  greer, 
ampbibole  is  present  in  some  sectione  and  some  chlorite,    Pyrite  occurs 
in  most  specimens  and  there  is  some  evidence  of  the  introduction  of  sec- 
ondary quartz.     In  some  of  the  gneiss  garnets  have  developed  rather 
abundantly,  and  in  certain  hands  mark  the  original  bedding  planes.   The 
massive  mica  rock  differs  from  the  gneisses  only  in  the  lack  of  distinct 
foliation.    Under  the  microscope  the  biotite  shows  no  parallel  orientation. 
More  hornblende  is  jiresent  than  in  the  foliated  rocks,  a  greater  propor- 
tion of  plagioclase  to  orthoclase,  and  a  somewhat  greater  variety  of  min- 
erals, including  considerable  epidote. 

Associated  witli  the  gneissic  rock  are  well  banded,  fine-grained,  impure 
quartzites,  fine-grained  slates,  and  a  dark  green  weathering,  slaty  rock 
that  IB  in  places  conglomeratic.  There  are  also  thick  beds  of  fragmentsl 
rocks  which  are,  at  least  in  part,  conglomeratic,  but  which  may  also  coo- 
tain  pyroclastic  fragments.  The  pebbles  consist  of  rocks  of  many  tj-pef, 
quartz,  granite,  granite-porphyry,  quartzite,  and  rocks  that  are  wrf 
similar  to  the  gneissic  rocks  and  to  the  greenstones. 

The  lava  flows  interhedded  with  this  complex  of  gneisses  and  sediment* 
do  not  show  typical  ellipsoidal  weathering,  hut  massive  greenstone  bands 
occur,  and  it  is  probably  from  these  that  the  greenstone  fragments  in  the 
conglomerates  are  derived.  The  lavas  are  comparatively  fresh  and  v»n' 
from  andesite  to  basalt  in  composition.  Some  of  them  are  fairly  coarse 
grained  and  show  typical  diabasic  texture. 

Pre-firanite  Complex,  T'pper  Part 

The  rocks  of  the  upper  part  of  the  pre-graiiite  complex  are  lavas  and 
associated  volcanic  rocks,  with  some  sedimentary  members  nf  minor  im- 
portance. Most  of  the  lavas  arc  now  cllipisoida!  weathering  greenstones 
which  had  originally  the  composition  of  andosito.  There  is  the  usnil 
developnirnt  of  nmycdaloidal  and  aufoclasfic  rocks  and  some  ash  beds. 

The  sedimentary  r^cks  grnupcd  with  those  are  of  two  types:  (11  A 
chert  conglomerate,  and  (2)  iron  formation  with  associated  black  slate. 
The  con  glome  rati'  contniiis  ronnded  fo  subangular  fragments  of  chert 
and  greenstone  conicnfed  by  chert.  With  the  conglomcralo  occur  well 
liflnded  chert  liivcrw,  sonic  of  which  are  truncated  by  later  laminations- 
Tlie  iron  formation  consists  of  fliiu  laminations  of  granular  quartz  and 
ningnctitc.  Well  Ivandcd  black  slate  occurs  along  with  the  true  iron  for- 
mation and  |iossii>ty  rcprcscntK  a  change  in  character  along  the  strike  ot 
the  same  bed.     .\|]  of  tlicsc  sodinientarv  bands  are  thin. 
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Quarta-porphyrj'  occurs  ae  dikes  cutting  the  greenstone  and  seems 
likely  to  be  a  minor  intrusive  phase  of  the  period  of  volcanic  activity. 

The  Granite 

The  surface  consolidated  rock  of  the  greater  part  of  the  area  is  s  fresh 
massive  granite  that  weathers  to  a  faint  pink.  It  has  been  found  intrud- 
ing both  the  lower  and  the  upper  members  of  the  pre-grantte  complex, 
hut  has  not  been  found  cutting  the  quartz  porphyry.  The  fresh  and 
unaltered  character  of  the  granite  is  fairly  conclusive  evidence  that  it  is 
younger  than  the  sheared  and  altered  quartz  porphyry. 

Belations  of  the  Sedimentary  and  Volcanic  Groups 

Groups  of  the  pre-Granite  Complex 

It  is  believed  that  the  dominantly  volcanic  group  of  rocks  is  younger 
than  the  dominantly  sedimentary  group,  but  that  the  two  are  not  sepa- 
rated by  any  unconformity  and  are  a  thick,  practically  continuous  series. 
This  conclusion  is  based  on  the  following  facte : 

1.  The  rocks  of  the  sedimentary  group  in  proximity  to  the  volcanic 
group  have  dips  that  vary  from  90  to  60  degrees.  Where  the  beds  are  not 
vertical  the  dip  is  in  all  cases  underneath  the  greenstone  series. 

2.  The  rocks  are  not  overturned,  since  at  one  exposure  at  least  the  evi- 
dence seems  conclusive  that  the  top  of  beds  dipping  underneath  the  green- 
sfone  is  toward  the  volcanic  rock. 

3.  At  one  locality  there  seems  to  be  a  gradation  from  one  group  to  the 
other. 

The  top  and  bottom  of  the  section  is  determinable  in  an  exposure  on 
the  south  shore  of  the  lake  one  and  one-half  miles  west  of  the  trail  to 
Gods  Lake.  The  dip  of  the  beds  at  that  point  is  fiO  degrees  north.  At 
the  southern  part  of  the  section  are  well  handed  slates  alternating  with 
hard  quartzitic  layers.  Northward  there  is  a  flow  of  andesite  10  feet 
thick,  succeeded  by  a  thick  band  of  fragmental  material,  conglomeratic 
or  potisibly  in  part  tufCaceous.  To  the  north  of  this  is  a  flow  of  basic  rock 
of  basaltic  character  which  becomes  finer  in  texture  toward  the  north. 
A  few  hundred  feet  northward,  across  an  arm  of  the  lake,  is  the  typical 
ellipsoidal  weathering  greenstone  of  the  upper  group  of  the  complex. 
(See  figure  2.) 

At  the  contact  of  the  fragmental  rock  with  the  andesite  flow  there  are 
distinct  tonguelike  projections  of  the  fragmental  rock  into  the  andesite. 
(See  figure  3.)  This  seems  to  be  most  satisfactorily  explained  on  the 
a»!umption  that  the  surface  of  the  lava  fiow  cracked  during  cooling  and 
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that   the   clastic   material   filled   up   the   crevieeB       <■  "^ 

formed.    Hence  the  top  of  the  bed  lies  toward  the  ■* 

greenBtoiie.     This  supposition  is  corroborated  by 

the  gradation  in  the  basic  floH^s  from  coarse-tex-  5 

tured  to  finer-textured  rock  from  the  conglomerate  |  ; 

northward.  ^ 

A  gradation  from  the  banded  rocks  of  the  lower  I 

group  to  ellipsoidal  weathering  rocks  of  the  upper  J 

group  is  shown  in  exposures  three  miles  farther  ■ 

west.     At  this  place  the  sediments  dip  northward  »• 

at  an  angle  of  70  degrees  and  are  succeeded  by  | 

greenstone.    Near  the  contact  the  banding  in  the  * 

siliceous  slates  of  the  lower  group  becomes  some-  g. 

what  indistinct  and  the  rocks  become  the  nearly  e 

massive  biotitic  variety.    Above  these  are  bands  of  ^ 

biotite  in  elliptical  forms,  and  finally  the  topical  t* 

ellipsoidal  greenstone.     It  is  suggested  that  the  S 

lava  may  have  been  poured  out  on  a  still  uncon-  n 

solidated    mud    into    which    the   ellipsoids   sank,  "^ 

st^ueezing  the  oozy  material  into  the  openings  be-  S 

tween  them.     This  mud  now  forms  the  biotitic  "" 

margins  of  the  lower  ellipsoids.  ¥ 

From  these  characteristics  it  seems  reasonable  f"                         fl 

lo  a.Bsiinio  t.liat  there  is  in  this  district  an  immense  ^ 

sedimentary  series  with  some  volcanic  rocks  inter-  ~ 

I'jilated,    This  series  may  he  largely  terrestrial  in  ™ 

iirigLii,   the  conglomerate  beds  iK'ing  deposited  in  ? 

lorreiitial  streams.      Periods   of   local   erosion    no  2 

doubt    nccurred,    hut    without    any    important    or  ~ 

widespread  hiatun.      I>ater,  volcanic  activity  became  J 

more    intense    and    conditions    probably    changed  b 

from  land   deposition   to  submarine,  so  that  the  ? 

upper  part  of  the  complex  consists  of  ellipsoidal  J 

greenstones    with    only    very    minor    amounts    of  " 

clastic  material,     .\ftcr  the  consolidation  of  these  g. 

.sedimentary   and    volciuiic   rocks   and   their   very  " 

severe  dynamic  nicfamorphism,  probably  at  great  5 

depth,  batholiths  of  granite  were  intruded.     Long  = 
lieriods  of  erosion  have  now  uncovered  these  batho- 
liths and  have  reniove<l  all  Init  the  deeper  folds  of 
the  pre-granile  complex.                                                         -                       « 
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aODB-IBLASD  LAKES  AREA* 

Several  isolated  areas  of  rocks  similar  to  those  described  are  found  iu 
llie  region  of  Gods  and  Island  lakes  and  on  Gods  River.  This  region  is 
drained  by  Gods  River  to  Shamattawa  River  and  thence  into  the  Hayes. 
It  is  the  least  accessible  part  of 
Manitoba  aod  the  only  geological 
information  available  is  from  hur- 
ried reconnaissance  surveys.  A.  G. 
Cochrane  mentions  the  occurrence 
<ni  (iods  Lake  of  mica,  hornblende 
anil  diorite  schists,  massive  diorite, 
Slid  "compact,  dark,  greenish-gray 
Jiurite  with  small  quartzite  peb- 
bles."' This  is  probably  a  gray- 
wacke  derived  from  the  dioritic 
rocks,  which  has  been  reconstituted 
into  a  rock  like  the  original.  Kedi- 
nieiits  of  this  kind  are  found  in  the 
Uke  Athapapuskow  region.  No 
stah^ment  is  made  regarding  the 
relation  of  these  rocks  to  the  gran- 
ilfK  and  gneisses  called  Laurentian. 

Island  T^ke  is  situated  south  of 
Ciods  Lake,  near  the  boundary  be- 
tA'fen  Manitoba  and  Ontario.    It  is 
approximately   VyQ  miles    long  and 
ij  said  U)  be  full  of  islands.     Coch- 
rane notes  "dark  gray  felsitic  schist, 
glossy   calcareous    schist,    siliceous  i 
slate,  and  felsitic  slate  of  an  olive 
j^ay  color."    Steatitic  schist,  hom- 
lilende   slates,   and   schistose   con-       ■■-•■"-"■- "—-s- "        ^- -m  .^b.^ 
glomerate  are  also  reported,  but  without  any  detailed  description  or 
sUtement  of  tlie  relations  of  the  various  types.     Seri)entine  is  also  re- 
IKjrted. 

On  Gods  River  is  a  small  area  of  schistose  conglomerate  situated  about 
half  way  between  Gods  Ijake  and  Shamattawa  rivers.  It  is  said  to  overlie 
the  syenite  gneiss  and  is  cut  by  basic  intrusives. 

■4.  O.  CochriDe:  Geol,  Surv.  Cao..  Re|it.  Prog..  1S70.  p.  29f. 


'  FiouKE  3. — Ulaffi 
ot  fragnitnia 
Hectlon 
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J  RIYBR  AKBA' 

The  Bumtwood  River  area  lies  about  75  miles  north  of  the  Croas  La^E^ 
area.  It  is  readily  reached  by  a  portage  route  starting  at  mile  185  on  tTWj 
Hudson  Bay  Railway,  The  area  shows  a  complex  of  volcanic  rocks  bmik 
gneisses  surrouBding  Ripe  Lake,  a  body  of  water  about  10  miles  in  lengtli, 
which  drained  Mauasan  River  into  Bumtwood  River.  The  belt  of  green- 
»toue  extends  northward  to  the  Bumtwood  and  southward  west  of  Pipe 
Lake. 

The  rocks  of  the  area  consist  of  granite,  garnetiferous  gneisses,  green- 
stones, and  green  schists.  The  greenstone  belt  is  very  narrow,  forming 
the  islands  uf  Pipe  Lake  and  a  discontinuous  fringe  on  either  side  of  tbe 
lake.  Associated  with  the  more  massive  greenstone  rocks  are  a  few  loot 
areas  of  banded  rocks  which  are  believed  to  be  tuffs.  The  characteristic 
contact  phase  where  the  granite  intrudes  the  volcanics  is  a  black,  ghsten- 
ing  hornblende  schist. '  In  the  granite  areas  near  the  contact  with  the 
greenstone  belt  are  a  number  of  small,  isolated  areas  of  hornblende  echiet 
representing  engulfed  masses  and  roof  pendants. 

Immediately  northwest  of  Pipe  Lake  is  a  ridge  composed  of  finely 
banded,  dark  gray  gneiss  which  has  the  appearance  of  an  altered  sedi- 
ment. It  stands  on  edge ;  its  position  between  the  greenstone  band  Oti 
the  granite  suggests  that  it  underlies  the  volcanic  rocks.  ' 

Along  the  contact  with  the  greenstone  belt  the  granite  is  gneissoid  afl^ 
sheared.  On  the  east  side  of  the  lake  the  banding  is  highly  contorted- 
This  zone  grades  out  into  massive  granite.  On  the  west  side  of  the  lal^^ 
the  granite  along  the  contact  with  the  greenstone  is  highly  sheared  witl* 
sdiistosity  developed  parallel  to  the  contact. 

The  granite  and  granite-gneiss  rocks  of  the  area  include  a  number  ^i 
types  which  may  possibly  represent  more  than  one  period  of  intrusior*- 
.Vlony  the  Burntwood  River  a  garnetiferous  gneiss  is  very  abundantly 
developed.  Though  locally  banded,  its  general  texture  and  appearant"^ 
is  <iuLte  difFerpnt  from  tlic  finely  bunded  garnetiferous  gneisses  of  tli^ 
other  areas,  wJiich  have  heeji  dcseribod  as  alten-d  clastic  rocks.  It  i' 
priibablu  that  tJie  presence  of  llie  garnets  means  the  absorption  of  en' 
gulfed  sediments.  .\  niiiulicr  of  pegmatite  dikes  were  found  in  the  area-- 
iii  which  garnets  were  siniihiily  devcJuped.  Over  niueli  of  the  area  the 
granite  is  massive,  willi  Ijut  little  j:neLssie  structure. 
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RICE  LAKB'WAKIPIOOW  RIVBK  AREA" 


The  Bice-Wan ipigow  area  lies  in  the  southeaBtern  part  of  the  province; 
it  has  attracted  considerable  attention  on  account  ot  the'  large  number  of 
gold  proBpects  which  have  been  staked  in  the  area.  Geological  work  was 
perfonued  in  the  area  in  1912  by  Moore,  in  191C  by  Dresser,  in  1917  by 
Marshall,  and  by  Colony,  De  Lury,  and  McCann  in  1930. 

The  oldest  rocks  are  lava  flows,  which  in  places  tihow  well  marked 
ellipsoidal  structure.  They  have  bet'n  intrudeil  by  quartz-porphyry. 
ijiiartz-feldapar  porphyry,  and  feldspar-porphyry.  All  these  rocks  are 
intnided  by  hornblende  granite,  whicii  in  in  turn  intruded  by  norite." 
Near  tlif  granite  the  volcanic  rocku  have  been  altered  into  glistening, 
black  hon  I  blende-schist.  Except  at  the  contact  and  in  local  areas,  the 
mks  are  massive. 

Schists  and  gneisses  which  are  considered  of  sedimentary  origin  have 
been  observed  at  a  number  of  places  in  tlie  area.  They  are  of  fine  texture 
and  predominantly  of  a  red  color.  In  thin  section  they  are  found  to 
tumst  of  quartz,  fresh  orthoclase  and  acid  plagioclase,  brown  biotite, 
muscuvite,  and  garnet.  A  band  of  conglomerate  30  feet  thick  outcrops 
(HI  Slate  Lake.  It  consists  of  a  gray-greeii  matrix  with  pebbles  of  green- 
rtune,  quartz,  jasper,  and  porphyry  fragments.  It  is  highly  metamor- 
phosed. .\ceording  to  Marshall,  it  rests  miconforniably  on  what  appears 
to  be  a  feldspar  porphyry.  Other  out^Tops  of  conglomerate  are  described 
by  Moore.  The  sedimentary  rocks  are  grouped  together  by  him  under 
the  term  Wanipigow  series,  placed  above  the  volcanic  rocks  which  he 
Mrrelates  with  the  Keewatin.  The  voleanies  and  sediments  are  ail  in- 
truded by  granite,  granit«-gneiss,  and  pegmatite. 

STAR  LAKE  AREA 

The  Star  Ijake  area  lies  in  the  extreme  soullieasteni  corner  of  Mani- 
toba, immediately  south  of  the  ('aiiadian  I'acitie  Railway. 

No  detailed  geological  mapping  or  study  has  been  made,  but  the  area 
has  been  visited  by  Wallace  and  De  Lury  for  the  Public  Utilities  Com- 
mission of  Manitoba,  and  by  Marshall  and  Bruce,  of  the  Geological  Sur- 
vey, who  have  reported  on  the  claims  staked  for  gold,  molybdenite, 
scfieelite,  and  platinum. 

The  oldest  rocks  of  the  region  are  ellipsoidal  lavas  and  derived  schists, 
yith  which  are  associated  some  areas  of  sedimentary  rocks.  The  latter 
iiclude  conglomerate  which  contains  pebbles  of  the  volcanic  rocks  as  well 

remUfr.  1920,  p.  802. 


t.yGoo'^lc 


them.     It  is  pusttible  that  it  occupies  a  position  similar  to  that  of  th^ 
Miesi  series  of  the  Lake  Athapapuekow  district. 

NARROW  LAKE  ARBA"  4 

Tlie  Narrow  Lake  area  Iie>»  on  a  canoe  route  between  Nelson  House  I 
aii(]  Southern  Indian  Lake,  in  approximate  latitude  59°  and  longitude  1 
!l!l°  west.  It  Ir  a  small  aren,  witli  a  length  of  but  eight  miles,  sitoated  I 
inniiediately  west  of  Narrow  Lake,  an  expansion  of  the  Rat  River. 

The  rocks  of  the  area  consi.st  of  a  narrow  belt  of  sediments  and  vol- 
lanics  intruded  on  either  side  by  massive,  red  granite.  The  pr«-granite 
series  pinches  out  to  the  northeast;  to  the  soathwest  it  also  narrows,  and 
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then  disappears  under  a  heavy  oyerburden  of  clay.  The  succession  is  as 
follows : 

Granite. 

(Intrusive  contact) 

Volcanic  flows  and  pyrocla sties. 

Mica  Bctalat 

ParagnelsB. 

The  oldest  rock  is  a  finely  banded,  gray  gneiss  which  in  places  carries 
ganiete.  In  its  upper  part  it  is  interbanded  with  a  black  mica  schist. 
Id  places  the  contrast  between  the  gray  or  reddish  gray  bands  and  the 
black  schist  bands  is  very  marked.  The  bands  vary  in  width  from  less 
tbaa  an  inch  to  over  a  foot.  Above  the  interbanded  zone  the  series  con- 
siete  of  black  banded  mica  schist.  The  whole  was  once  clearly  a  series  of 
clastic  and  shaly  beds  which  have  been  highly  metamorphosed. 

The  volcanic  rocks  consist  of  andeaitic  greenstones  which  in  places 
show  flow  structure.  Certain  parts  are  composed  of  large  oval  masses 
composed  of  the  same  material  as  the  fiows  and  considered  to  be  pyro- 
ciaatics.  Dikes  of  porphyry  lamprophyre  were  found  cutting  the  vol- 
csDJce. 

Stnictnrally,  the  schists  and  paragneisses  everywhere  dip  underneath 
the  ^eenstone  belt.  The  dips  average  around  45  degrees.  The  series 
forms  a  monocline  cut  off  on  either  side  by  intrusive  granite. 

LAKE  OF  THE  WOODS  AND  RAIKT  LAKE  AREAS" 

The  Lake  of  the  Woods  and  Rainy  Lake  region  is  one  of  the  classic 
Sfeas  of  pre- Cambrian  geology,  and  the  succession  determined  there  has 
plaved  an  important  part  in  pre-Cambrian  nomenclature.  It  was  there 
Uiat  the  terra  Keewatin  was  introduced  by  Lawson,  and  the  intrusive 
fvlationsliip  of  the  Laureotian  granite  to  the  Keewatin  volcanics  was 
.■■Aoifn  by  him  in  188!).  In  1911  I^wson  rewtudied  the  Rainy  Lake  re- 
giua.  The  pre-Cambrian  succession,  according  to  his  latest  work,  is  as 
/ollows  r 

Keweenawan    Diabase  dUies. 

^Igcimaii    Porphyrold  gneiss,  banded  and  streaked 

gneiss,  granite  and  granite  ■  gneiss, 
xypnlte  gnfiss,  basic  phase  of  Sfenlte. 

.  I^mpropbjre  rocks. 
QuArtzlte  and  slate. 
Conglomerate. 
Laurentlan  Granite  tind  granite-gneiss. 

■^  A.  C.   Ldwsoii :  Tbe  Arcbean  gvoloKy  af  Rftloy  Lake  restudl«d.     0«ol.  Surv.  Can.. 
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Keewatiu    Anortboslte. 

Hornblende  gabbra 

UmestoQe. 

GreeniitoDe,  greenstone  schist,  dilorlt« 
ttchist,  hornblende  schist,  felslte,  serl- 
cite  schist,  ash  beds,  ag^omerate, 
siliceous  slates  and  schists,  chert,  mica 

Coucblcbfng  Mica  schist,  paragnelss,  phrlllte. 

The  Couchiching  rocke  consiBt  of  a  group  of  mica  schiBte,  feldspatbic 
mica  schiste,  and  finely  bauded  gneiasee.  According  to  Lawson,  the; 
uniformly  underlie  the  volcanic  rocks  termed  Keewatln.  The  Eeewatin 
rocks  comprise:  "(1)  fine-grained  greenstones  showing  frequently  ellip- 
soidal or  amygdaloidal  structure,  or  both;  (8)  coarser-textured  green- 
stones showing  neither  ellipsoidal  nor  amygdaloidal  structures;  (3) 
greenstone  Bchists  of  varying  degrees  of  schistosity;  (4)  rather  massive 
chlorite  schists;  (5)  evenly  fissile  chlorite  schists;  (6)  irregularly  cleaved 
chlorite  schists;  (?)  black,  glistening  hornblende  schiste,  uaually  on  the 
periphery  of  the  Kecwatin  belts  where  they  come  in  contact  with  granitic 
intrusions;  (8)  gray  felsites,  sometimes  amygdaloidal;  (9)  sericitic 
schists;  (10)  various  stratified  grayish  green  schists,  probably  ash  beds: 
(11)  agglomerates;  (IS)  gray  siliceous  slates  and  schist;  (13)  banded 
cherts;  (14)  mica  schist;  (15)  limestone." 

The  Keewatin  rocks  consist  of  altered  volcanics,  including  flows,  tuffs. 
agglomerates  with  minor  amounts  of  intrusives  and  sediments.  A  me- 
dium to  coarse  grained  biotite  granite,  which  is  termed  " Lauren tian,'' 
intrudes  both  the  Keewatin  and  Couchiching  rocks. 

The  Seine  series  consists  of  a  great  thickness  of  conglomerate  gradiog 
upward  into  quartzite  and  slaty  schists.  It  contains  debris  derived  from 
the  waste  of  the  Keewatin  rocks,  but  most  of  its  boulders  are  granite, 
with  lesser  amounts  of  greenataiie,  quartz-porphyry,  and  chert  Near 
Mine  Center  the  Seine  series  rests  unconformably  on  the  granite.  Where 
it  rests  on  the  granite,  it  is  composed  of  detritus  which  is  nearly  all  de- 
rived from  the  underlying  granite,  and  where  it  rests  on  Keewatin  it  is 
nearly  entirely  derived  from  rocks  of  that  series.  It  is  considered  bv 
Lawson  to  be  a  subaerial  formation,  representing  a  gravelly  floodplain 
rather  than  the  beach  of  a  transgressing  sea. 

The  Seine  series  is  intruded  by  niica-ayenitc  gneiss,  to  which  the  term 
Algoman  is  applied.  Other  areas  of  massive  granite  and  granite-gneis- 
are  believed  to  belong  to  the  same  general  period  of  intrusion  as  Ihe 
sveiiite. 
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Vat  yuungest  prc-Caiubrian  rocks  are  dikes  of  diabase  which  are  re- 
ferred to  the  Keweenawan. 

The  feature  emphasized  bj  Lawson  in  his  work  in  this  area  is  that  of 
iwo  widely  separated  periods  o^  plutonic  activity  giving  rise  to  batholiths 
uf  granites,  to  which  the  terms  Laurentian  and  Algoman  are  applied. 

C0HPABI8ON  OF  THE  Areas 

The  problem  of  correlating  areas  of  pre-Cambrian  rocks  which  are 
separated  by  wide  intervening  atretchea  of  granite  is  one  of  the  most 
difficult  tasks  in  geology.  At  best,  all  that  can  be  done  ia  to  ascertain  the 
most  probable  correlations  from  a  study  of  lithology,  succession,  degree 
if  metamorpliism,  structure  and  relationship  to  intmsives.  In  Manitoba 
th«  moat  definite  feature  is  the  regional  granite,  which,  aside  from  certain 
dike  rocks,  appears  to  be  the  youngest  pre-Cambrian  rock  of  the  province  , 
Wberever  the  relations  of  the  granite  to  the  other  pre-Cambrian  rocks 
bare  been  establisheil,  the  granite  has  always  been  shown  to  be  intrusive. 
This  gives  us  our  chief  factor  in  comparing  the  various  areas.  It  is,  of 
course,  possible  that  the  granites  of  the  different  areas  may  be  of  different 
iges,  or  even  that  granites  of  more  than  one  age  may  be  represented  in 
the  same  area,  but  as  yet  no  proof  of  this  has  been  obtained.  That  older 
graQites  did  exist  is  shown  by  the  presence  of  granite  boulders  in  con- 
glomerates which  are  intruded  by  the  regional  granite.  At  no  place  in 
Manitoba,  however,  have  pre-Cambrian  sediments  as  yet  been  found  rest- 
ing uneonformahly  on  granite. 

The  granite  locally  preaents  considerable  variation.    Such  variation  ia, 
however,  to  be  expected  by  differentiation  and  by  the  assimilation  of 
sngnlfed  fragments  of  the  intruded  rocks.    Differences  due  to  these  causes 
have  been  recognized  at  a  number  of  places.     There  are  also  banded 
gneisses  which  have  the  appearance  of  being  older  than  the  fresh-looking 
granite,  but  many  of  these  can  be  shown  to  be  sediments  injected  "lit- 
par-Iit"  by  granite.    The  only  proper  basis  for  the  determination  of  the 
age  ot  an  intrusive  ia  its  relation  to  sedimentary  formations,  and  even 
(his  becomes  certain  only  where  the  sediments  can  be  definitely  corre- 
lated.   It  is  considered,  therefore,  adviaable  to  avoid  the  use  of  such  terms 
as  -Algoman  and  Laurentian  in  connection  with  the  granites  of  Manitoba. 
Thougli  the  exact  correlation  of  the  pre-granite  complexes  of  sediments 
and  volcantcs  in  various  districts  or  the  correlation  even  of  similar  litlio- 
Jugical  parts  of  it  seems  to  be  inadvisable,  nevertheless  the  pre-granite 
rocks  in  a  large  way  exhibit  a  great  deal  of  similarity  tliruugliout  the 
variuus  area.'^  of  the  province.    The  lithology  is  very  uniform.    The  same 
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types  of  volcanic  rocks  appear  in  most  of  the  areas  and  in  many  of  them 
somewhat  similar  sedimeutarv  formations  occur.  The  resemblances 
which  are  displayed  by  the  types  from  the  various  areas  are  due  to  two 
causes :  First,  original  similarity,  and,  aecondly,  induced  similarity,  due 
to  metamorphism  under  similar  conditions.  Contact  and  regional  neta- 
morphism  produce  Bchitits  and  gneisses  which  may  resemble  each  other 
very  much  and  yet  the  similarity  may  have  no  age  significance.  Under 
extreme  conditions,  metamorphic  processes  may  even  produce  from  dis- 
similar original  rocks  similar  derivatives.  In  spite  of  these  facte,  there 
are,  however,  certain  characteristics  of  the  sedimentary  complex  from 
which  its  original  nature  can  be  inferred.  The  chief  of  these  is  the  domi- 
nance of  unassorted  clastic  sediments.  Limestone  is  entirely  lacking. 
Shale,  the  predominant  rock  of  a  normal  marine  series,  is  represented 
only  by  a  relatively  small  amount  of  slate  and  by  the  garnet,  staurolib^- 
and  cyauite-bearing  mica  schists,  analyses  of  which  show  a  proportion  of 
the  oxides  such  as  is  characteristic  of  shale.  The  dominant  sediments, 
however,  in  all  the  areas  are  paragneisses  and  arkosic  quartzites  with  con- 
glomeratic bands. 

The  rock  succession  also  presents  features  which  serve  as  a  basis  of 
comparison.  In  nearly  all  the  areas  the  oldest  rocks  are  greenstones 
associated  with  more  acid  volcanics  and  interbanded  with  sediments. 
Conformably  overlying  these  rocks  are  sedimentary  members  with  inter- 
banded volcanics.  This  is  the  succession  as  worked  out  in  the  Cross  Lake 
area  and  the  Reed-Wekusko  area  and  is  apparently  the  succession  in  the 
Riee-Wanipigow  and  Star  Lake  areas.  In  the  Knee-Oxford  Lake  ares 
there  is  a  reversal  of  conditions,  with  a  lower  division,  consisting  domi- 
nantly  of  sediments  with  interbanded  volcanics  and  an  upper  division  o( 
dominant  volcanics  with  subordinate  amounts  of  sediments.  The  rock 
types,  however,  are  much  alike  in  all  the  areas.  In  two  areas,  the  Atha- 
papuskow  and  Churchill  Biver,  there  are  i)re-Cambrian  series  which  are 
apparently  younger  than  the  main  pre-granitic  complex.  The  Missi 
series  and  the  Churchill  quartzite  may  represent  equivalent  series  older 
than  the  regional  granite,  but  younger  than  the  volcanic-sedimentarr 
complex.  They  are,  however,  both  of  local  extent  and  are  lithologicallj 
dissimilar,  both  to  each  other  and  to  the  pre-granite  complex  of  the  other 
areas. 

OHiam  OF  THE  pre-Granite  Complex 

In  considering  the  probable  origin  of  the  pre-granite  complex  the  fol- 
lowing facts  concerning  it  should  be  noted : 
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DISTRIBUTION 


PstcheB  of  eimilar  rocks  with  similar  structural  relationships  extend 
across  the  whole  of  the  northern  part  of  the  Province  of  Manitoba,  a 
distance  of  over  300  miles  east  and  west.  Similar  rocks,  with  apparently 
similar  relations,  are  also  found  in  Ontario— the-  Churchill  River  area, 
in  the  northern  part  of  Manitoba,  and  the  Rice-Wanipigow  and  Star 
Lake  areas,  in  the  southern  part  of  the  province. 

LITBOLOar 

The  main  facts  concerning  the  litholopv  of  the  series  have  already  been 
mentioned,  namely,  the  dominant  clastic  character  of  the  sediments  and 
the  presence  of  interbanded  volcanics. 

Most  of  the  sediments  arc  arkosic  in  character ;  for,  although  many  of 
the  gneisses  are  thoroughly  reerystallized  and  their  feldspar  content  is 
largely  secondary  in  origin,  nevertheless  the  proportions  of  the  feldspars, 
quartz,  and  micas  show  that  the  original  rock  must  have  contained  con- 
siderable feldspar. 

8VCCB8810N 

The  general  succession  has  also  been  referred  to.  Id  the  clastic  rocks 
recurrent  horizons  of  conglomerate  are  common.  There  is  also  an  ab- 
sence of  any  definite  succession  of  conglomerate,  sandstone,  and  shale,  as 
might  be  expected  under  marine  conditions  with  an  advancing  or  retreat- 
ing shoreline. 

THICKNEBB 

There  is  great  variation  in  thickness  in  different  localities.  Locally, 
there  is  evidence  that  some  of  the  sedimentary  gneisses  attain  a  thickness 
of  several  thousand  feet 


In  places  where  the  rocks  have  been  less  highly  altered,  lines  of  bed- 
ding can  be  determined  by  variations  in  color  or  texture.  In  the  con- 
glomerate, bedding  can  in  most  exposures  be  determined  by  coarse  and 
fine  bands;  in  some  of  the  fine-grained  gneisses,  by  the  color  banding: 
in  some  of  the  mica  schists,  by  crystak  of  secondary  silicates,  such  as 
garnet,  staurolite,  and  cyanitc,  which  stand  out  in  rows  and  fairly  cer- 
tainly mark  bedding  planes.  In  much  of  the  series,  however,  it  is  difficult 
to  ascertain  absolutely  the  original  structure. 

The  conglomeratic  bands  in  the  gneisses  offer  some  suggestive  features. 
Most  of  them  are  local  and  irregular ;  some  can  be  traced  for  a  consider- 
able distance  along  the  strike ;  others  can  be  followed  for  only  a  few  hnn- 
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dred  feet.  The  matrix  ie  commonly  garnetiferous  and  is  exactly  like  the 
sedimentary  gneisses  which  contain  no  boulders  or  pebbles.  The  frag- 
ments for  the  moat  part  are  well  rounded,  but  in  places  they  are  Bqueezed 
and  elongated  parallel  to  granite  contacts.  Only  locally  have  garnets 
been  developed  in  them.  No  evidence  has  been  found  that  any  of  the 
pebbles  or  bouldora  consist  of  rock  which  had  been  rendered  schistose 
before  its  erosion  and  deposition  in  the  sediment.  The  boulders  consist 
of  granite,  porphyry,  acid  and  basic  volcanics,  and  vein  quartz.  The 
granite  and  quartz  pebbles  are  usually  the  better  rounded,  suggesting 
longer  transportation.  In  places  pebbles  of  volcanics  are  subangnlar, 
suggesting  that  they  had  a  local  origin.  There  is  a  lack  of  sorting,  with 
large  and  small  fragments  intermingled  and  with  great  variationa  in  the 
amount  of  the  matrix  associated  with  the  boulders. 

CK08B-BBDDIN0 

On  the  weathered  surface  of  many  of  the  gneisses  croes-bedding  is  well 
shown,  and  in  places  it  is  easily  possible  to  determine  by  this  means  the 
top  and  bottom  of  the  beds.  Txically,  as  in  the  Cross  Lake  area,  cross- 
bedding  on  a  large  scale,  suggestive  of  torrential  deposits,  is  excellently 
displayed.  On  an  island  in  Cross  Lake  the  width  of  a  cross-bedded  hori- 
zon between  the  parallel  beds  of  the  main  structure  is  nine  feet  The 
oblique  strata  in  this  bed  also  show  alternating  coarse  and  fine  layers 
with  conglomeratic  bands  up  to  14  inches  in  width  and  finer-grained 
bands  up  to  16  inches  in  width. 

coycLveioK 

Summarized  briefly,  the  pre-granite  complex  is  dominantly  clastic, 
with  great  variations  in  thickness  and  in  the  order  of  succession  of  the 
various  lithological  elements.  A  large  part  of  the  sediments  are  feld- 
spathic  and  only  a  small  part  consist  of  well  sorted,  argillaceous  anH 
quartzose  types.  In  addition,  there  are  numerous  conglomerate  horizons. 
Both  conglomeratic  and  arkosic  bands  show  cross-bedding  on  a  large 
scale.  In  the  igneous  rocks  of  the  complex,  ellipsoidal  structure  is 
common. 

It  is  concluded  from  these  facts  that  the  complex  is  chiefly  of  terres- 
trial origin — in  part  deposited  as  outwash  fans,  in  part  as  deltas,  along 
the  continental  margin.  The  lavas  were  apparently  poured  out  under 
water  during  periods  of  submergence  or  in  the  part  nf  the  deltas  which 
were  below  sealevel.  The  granite  pebbles  in  the  conglomerates  of  this 
ancient  series  may  have  been  derived  from  early  granites  which  were 
intruded  into  rocks,  of  which  no  record  is  left — rocks  which  have  beeii 
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wmpletelj  removed  by  erosion  or  have  been  entirely  absorbed  by  igneous 
intrnFioiis.  An  alternative  hypothesis  is  that  these  granite  pebbles  have 
come  from  an  original  granitic  earth's  crust.'* 

Summary  of  oeological  History 

The  earliest  events  of  which  we  have  any  geological  record  in  the 
Province  of  Manitoba  are  the  extrusion  and  consolidation  of  successive 
floods  of  lava.  In  some  districts  the  volcanic  periods  were  preceded  by 
periods  of  terrestrial  aedimentation ;  in  othera,  sediments  were  int«r- 
bedAei  with  the  voleanics,  and  in  other  areas  these  early  periods  of  sodi- 
mentation  continued  long  after  the  extrusion  of  lavas  had  ceased.  In 
places,  the  volcanic  rocks  accumulated  to  great  thicknesses;  in  other 
piaras  the  sediments  dominated. 

After  the  close  of  the  early  period  or  periods  of  volcanic  activity  and 
terrestrial  sedimentation  and  after  long  periods  of  induration  and  meta- 
morphism,  these  early  rocks  were  intruded  by  granite  batholiths.  Deep 
erosion  followed  and  was  succeeded  by  the  deposition  of  later  sediments, 
such  as  the  Missi  series  of  the  Athapapuskow  district  and  the  Churchill 
quartzites,  and  perhaps  certain  conglomerates  in  other  areas  where  the 
relationships  have  not  been  absolutely  ascertained.  These  deposits,  how- 
ever, were  all  local,  probably  were  not  contemporaneous,  and  deposits 
found  at  one  locality  no  doubt  correspond  to  a  period  of  erosion  at  another 
locality. 

TheD  followed  a  period  or  periods  of  mountain-building  in  which  all 
these  rocks  were  folded  and  intruded  by  batholiths  of  granite.  The  older 
rocks  were  locally  sheared  into  schists,  were  highly  altered  near  their 
contacts  with  the  intrusive  granite,  and  were  faulted  and  closely  folded, 
*  that  today  they  nearly  everywhere  stand  at  a  high  angle. 

A  long  erosion  era  followed  the  periods  of  folding  and  faulting  and 
*'''>aerial  processes  wore  down  the  mountains  to  their  granite  cores.  The 
Efface  of  the  country  passed  from  youthful  topography  through  ma- 
tiirity  to  old  age,  and  before  Ordoviclan  time  erosion  had  proceeded  so 
f«f  that  only  remnants  of  the  older  rocks  which  once  covered  the  entire 
feion  were  left,  either  as  synclinal  areas,  which  required  a  greater 
>monntof  down-cutting  to  reach  them,  or  on  divides  where  erosion  was 
lw«  intense.  It  was  over  this  peneplaned  surface  that  the  Paleozoic  sea 
'3'anced. 

"^mll:  Origin  of  Ih*  »«rth. 
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.  iNTBODDOnOH 

AtVidel;  eepargted  points  on  the  higher  nplaDds  of  the  Drittlefis  and 
sdjaceot  areas  of  Wisconsin,  Iowa,  uid  Minnesota,  there  occur  conglom- 
erates and  grarels  with  associated  limonite,  clay,  and  sandstone. 

The  interest  of  the  vriters  was  drawn  to  these  gravels  while  they  were 
engaged  in  the  study  of  the  geology  of  the  Tomah  and  Sparta  quadran- 
gles, in  veetem  Wisconsin.  As  the  problem  of  their  origin  conld  not  be 
solved  within  the  limits  of  that  area,  the  stndy  has  been  extended  over  a 
wider  field  and  the  available  literature  has  been  examined  for  descrip- 
tions of  similar  formations  in  adjacent  States.  These  studieti  have  Id 
to  the  assembling  of  a  considerable  amount  of  information  and  to  coa- 
cluaons  relating  to  the  origin  and  age  of  the  deposits. 

As  these  deposits  merit  a  name,  it  is  proposed  to  call  Uiem  the  Windnnr 
formation,  the  name  being  selected  because  of  an  excellent  exposnie  on 
the  top  of  Windrow  Bluff,  near  Tomah,  Wisconsin. 

Description  of  the  Windbow  Formation 

The  Windrow  formation  consists  of  quarts  and  chert  pebbles  is  ■ 
matrix  of  quarts  sand  and  brown  iron  oxide,  iron  oxide  cemented  Bud- 
stone,  concretionary  limonite,  and  at  some  localities  blue  and  white  stidcT 
clay.  In  many  plaoes  only  pebbles  are  present,  as  tile  matrix  has  w«th- 
ered  away. 

The  pebbleR  are  mainly  qiiartu  and  chorf.    Those  of  quartz  are  uniTer- 
sally  well  polished  anrt  rounded  to  spherical  and  elliptical  shapes.    The 
chert  pebbles  arc  also  well  polished,  hut  arc  mainly  of  subangular  shapW' 
Most  of  the  pebbles  are  Kinnll ;  examples  of  j*reflter  than  an  inch  in  diato- 
et*r  arc  rare,  although  a  few  chert  iHiuKlcrs  up  to  a  foot  in  diameter  ha*' 
been  observed.    These  are  not  rounded  or  polislied.     The  relative  abuw 
dance  of  chert  and  (|iiartz  varies  widely.     At  an  occurrencx'  southeast  *>' 
Sparta,  Wieeonsin,  n  count  pave  "lO  per  cent  chert,  45  per  cent  yellow  aTt" 
milky  quartz,  and  5  per  cent  pink  quartz.    At  a  closely  adjacent  locali*^ 
it  was  found  that  75  per  cent  eonsista  of  yellow  and  milky  quartz.  24  p»*' 
cent  of  black,  pray,  and  brown  chert,  and  1  per  cent  of  pink  quartz,  wi  * 
an  occasional  pebble  of  dolomite.    The  quartz  pebbles  vary  considerate 
in  shades  of  color  and  are  utterly  unlike  any  material  found  in  the  Paler ' 
zoic  rocks  of  the  region  of  their  occurrence.    They  closely  resemble  t"-* 
vein  quartzes  of  the  pre-Canibrian  rocks  to  the  north  and  northeast  ar^ 
it  is  probable  tliat  such  is  their  source. 

Fossils  are  rather  common  in  the  chert  pebbles.  Not  uncommonly  th  ■* 
arc  well  preserved  and  in  n  few  instances  a  fossil  makes  an  entire  pebb^' 
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Tlic  specimens  f<ir  tin-  most  jitirt  arc  cimsiiUTably  worn,  but  a  few  have 
liwn  colleclod  which  sJiow  scarcely  any  wear. 

At  a  numlnir  of  localities  the  pebbles  are  cenicnt^'d  into  a  conglomerate 
liy  manganiferous  limonitc,  and  at  Waukon,  Iowa,  the  limonite  is  suflfi- 


SparU-Tomali  qiiadranglwi  shown  by  heavy  block  lln*.  Windrow  Bmvolii  aliowD  by 
bluck  spots.  Creluceoua  an-as  NhoH-n  b.v  iroKS-linlDB.  I U"!  Him  I  Ion  at  Ihi'  ei'hvpIb  sug- 
KPiiU  Ib&t  Ib^y  were  rlFpnxlted  liy  Htremnn  wblcli  (lowed  aonthwpst  Into  the  Cretaceoui 
wa.    BoDndary  ot  drlftlesa  area  shown  ly  da«h(.d  line, 

eiently  free  from  pol)bleH  to  be  mined  fur  iron  on".  The  sautls  which 
constitute  a  part  ot  the  deposit  are  mainly  coarse  grained,  poorly  ii«sorted, 
and  imperfectly  rounded.  Wherever  bedding  has  been  observed,  it  is 
rude  and  imperfect.    Current  ripple-marks  were  seen  at  one  locality. 
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sabanguiar  boulders  of  Oueota  chert  are  pi'edt'iit,  oue  of  them  a  foot  in 
dianieter.  Bedding  is  very  poorly  indicated.  The  elevation  is  1,400  feet. 
Tvo  of  the  moat  accessible  of  the  Wisconsin  occurrences  are  on  the 
highway  jast  above  Tunnel  Number  3,  on  the  Chicago  and  Northwestern 
fiiiliFay,  between  Sparta  and  Norwalk  (northwest  y^,  southwest  y^,  sec- 
boQ  18,  township  16,  range  2  west),  and  on  the  hill  near  by,  just  south 
of  the  station  of  Summit,  at  the  eastern  portal  of  the  tunnel  (southwest 
ii, southwest  ^,  section  17,  township  16,  range  2  west).  At  these  places 
die  formation  consists  of  much  weathered  and  broken  dowu  conglomerate 
with  a  sandstone  matrix,  yellow  and  red  stratified  sandstone,  and  pow- 
der}- and  botryoidal  limonite.  The  thickness  appears  to  be  from  10  to  20 
feet  The  bedding  is  not  well  defined.  A  loose  slab  showed  current 
ripple-marks.  The  elevation  of  these  localities  is  between  1,360  and  1,380 
feet 

Loose  pebbles,  possibly  lowered  by  weathering,  are  extremely  abundant 
near  Pine  Hollow  Church,  about  a  mile  north  of  Cashton  (northeast  l^, 
KctioD  39,  township  15,  range  3  west).  The  elevation  is  about  1,310  feet. 
The  material  rests  on  the  Oneota  dolomite  and  possibly  in  part  on  the 
Stiat  Peter  sandstone. 

Ottier  places  in  the  Sparta  and  Tomah  quadrangles  where  pebbles  or 
rock  of  the  Windrow  formation  are  definitely  known  are  listed  below.  In 
the  preparation  of  this  list  all  doubtful  occurrences  of  one  or  two  pebbles 
have  not  been  given,  since  such  may  represent  material  transported  by 
boman  agency,  either  attached  to  mud  on  the  wheels  of  vehicles  or  car- 
ried as  curiosities  or  "lucky  stones."  At  all  of  these  places  the  underlying 
rock  is  the  Oneota  dolomite : 

EleTallod, 

TowDslilp  17,  range  2  west :  [e«t 

North  H.  section  27 1,400 

TowDsUp  16,  range  2  west : 

East  M  post,  secUoD  12 1,440 

Suutbwest  H,  uorthwest  '.4.  set'tiou  1« 1,400 

Northeast  Vi.  southwest  U,  section  21) 1,300 

Town^iliip  16,  range  3  west : 

Northwest  ^.  section  23 1,400 

East  H  post,  section  24 1,380 

South  ii,  section  36. 1,400 

Tuwiuiblp  15,  range  3  west : 

South  14  post,  section  20 1,360 

South  %  post,  section  22 1,360 

Townslilp  15,  range  4  west : 

North  14  post,  section  22 1,334 

Center,  section  23 1380 
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Float  gravel  ia  found  in  the  road  in  aontlieast  y^,  southeast  y^,  section 
12,  towDBhip  7,  range  5  west,  about  12  miles  northeast  of  Prairie  du 
Chien,  The  pebbles  are  quartz  and  local  eliert;  they  are  well  rouiidi'il 
and  range  up  to  an  inch  in  diameter.  The  elevation,  as  measured  l>v 
aneroid  barometer,  is  975  feet.  Tlie  bedrock  is  the  Saint  Peter  sandstmu'. 
which  contains  some  chert  conglomerate. 

Float  pebbles  of  water-worn  quartz  an{l  black  cliert  are  abundant  in  the 
early  Pleistoceue  terrace  gravels  of  Trempealeau  and  Jackson  counlie>!. 
The  chert  pebbles  carry  fossils,  of  which  all  so  far  discovered  have  U'l-ii 
too  poorly  preserved  to  be  identified.  The  only  place  where  any  quari/ 
pebbles  have  been  found  in  these  counties  on  the  Oneota  upland  is  ^iolldl 
of  Arcadia,  in  section  IG,  township  20,  range  9  west,  at  an  elevatitui  "i 
about  1,S00  feet. 

The  bluffs  of  Buffalo  Coimty  are  covered  by  wat«r-worn  pcbbli's  nf 
quartz,  jasper,  chert,  and  quartzite.  Some  of  the  quartz  pebbles  are  :>i'v- 
eral  inches  in  length  and  some  of  tlie  quartzites  reach  13  inches  in  diam- 
eter. The  quartz  pebbles  are  not  so  well  rounded  and  polished  as  &k 
tliose  typical  of  the  Windrow  formation.  The  cherts  are  mainly  gray  or 
bright  red ;  few  are  black.  The  jasper  \»  mainly  of  the  liright  red  oolitii: 
type.  The  quartnites  can  be  divideil  into  two  typec,  (a)  dark  red  nr 
purple  vitreous  quartzite,  which  is  unquestionably  not  local,  and  (M 
much  lens  cemented  pink  and  gray  quartzitic  sandstone,  which  may  \*- 
local.  The  first  tyjie  occurs  as  rounded  stones,  the  second  mainly  in  suli- 
angular  forms  wliicJi  average  am.siderably  larfrer  than  the  water-wnni 
pebbles.  The  bednick  in  this  region  is  the  Saint  Peter  sandstone  and  lln' 
Oneota  dolomite.  No  rock  like  (lie  ]iink  quartzites  has  been  seen  in  ;dii<-<' 
in  the  Saint  Peter,  but  many  ledges  I'csemble  the  gray  type.  On  the  ctluT 
hand,  chert  pebbles  from  the  Oneofa  are  rare.  Tlie  elevation  ranges  fr-ni) 
1,800  to  l-ZSO  feet.  The  wrndation  of  these  deposits  with  the  Wiiuir.>tt 
formation  is  uncertain. 

It  is  probable  tliat  tfiere  un;  many  localities  of  tlie  Windrow  forniatvui 
in  Wisconsin  that  have  not  yi't  been  discovered,  wimv  nmny  are  imibaM> 
concealed  by  the  covering  of  loi'ss.  None  of  the  many  giidogists  who  huvr 
examined  the  region  soutli  of  tlie  Wiswinsin  River  have  re[)ort*Hl  any 
quartz  pebbles  on  the  hilltops  over  that  n-gion.  so  that  it  is  probable  tlm' 
none  exist. 

There  are  limonite  oeeurrenees  in  we.stern  Wisconsin  which  do  »■■' 
belong  to  this  formation.  The  great  majority  of  the  known  iron  ore  de- 
posits of  the  Driftless  Area  described  by  Strong  (25)  are  -clearly  alten''^ 
sidphides  and  are  not  at  all  like  the  concretionary,  maiiganiferoas  linn'ii- 
ite  of  till'  Windniw  fcirniatioii.    The  brown  ore  deposit  at  Spring  Vall-^ 
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(Jti<cribe<l  by  Allen  (2)  JB  gtat«(]  by  Professor  Steidtmann'  to  contain  no 
i|ujr(z  or  chert  pebblee,  and  therefore  can  not  be  definitely  correlated  with 
thin  /urmatioD. 

IOWA 

The  best  known  occurrence  of  the  Windrow  formation  in  Iowa  is  near 
Waukoii,  Allamakee  County,  where  it  caps  an  elevation  of  about  1,3(>0 
fcL't  known  as  Iron  Ilill  (»cctions  IT  and  20,  towniihip  98,  range  5  west). 
This  occurrence  has  been  described  by  Orr  (18),  Calvin  (6),  Beyer  (5), 
and  Howell  (12)  and  was  visited  by  the  senior  author  in  VJ19,  The  de- 
j)«isit  eonsista  of  concretionary,  bouldcry,  hydrous,  nianganifcrous  iron 
iixiiti-  cnvyring  several  hmidri'd  acres.  It  liaM  been  carefully  explored  for 
inin  ore  by  the  Missouri  Iron  Cimipany  ant!  a  great  deal  of  development 
has  hccn  dune,  so  that  conditions  for  study  are  excellent.  Parts  oF  the 
ilt'lHi.-'it  }<how  much  sandstone  and  iron -(cemented  conglouieratii  with 
i|iiartii  and  black  chert  pebbles  Hku  those  in  Wisconsin.  The  main  part 
i.f  tin-  ore  body  is  fairly  free  from  [K-bbles  and  has  a  maximum  thickneoa 
(if  iiljoiit  Kt'i  feet.  It  ia  oeparat^-d  from  the  uiulerlying  Galena  dolomite 
])\  a  f<nit  or  two  of  residual  red  clay.  Large  dolomite  boulders  and  silici- 
tieil  anil  limonitized  fossils  occur  at  soiue  {HiiiitH  in  the  limonite.  The 
minerals  present  include  limonite  (the  most  abumlant),  turgite,  gothite 
(  ? ) .  wad,  various  manganese  oxides,  and  hyalite,  .\iuilystis  show  the  fol- 
lowing variations  in  composition  (.'i,  \2) : 

I'tT  Cl-Dl 

lr.li fl.77    to66.92 

riiosiihiirus    U.U72to    1.8T 

MuiiKHiiese    U.'ja    to    1.02 

Silica    ■AAti    ttiOu.-Si 

AluiiiliiH .'J.."!"    t"  W.n8 

( "alvin  (ij  (  mentions  two  other  deposits  in  the  same  county,  one  (south- 
east Vi-  sei:tion  'i~,  township  W.  raiijri'  ."i  west)  at  an  elevation  of  about 
1/jnu  fifl  and  the  i>lher  (northwest  corner  section  (1,  township  H~,  range 
-J  wfsl)  utalsjut  1,100  feet. 

.\l<!cn  (I)  describes  a  lotnlity  '"a  few  miles  southeast  of  Kockford, 
Fliiycl  County,"  as  "1  foot  to  !l  Uvi  of  st.ft  butf  sandstone  (in  jilacvs  I.Kise 
sail.])  sL'l  full  of  small,  rouiidcil,  highly  polished  fiissiliferous  black  chert 
iind  white  ijuartz  Jiebbles."  This  deposit  caps  low  mounds  at  an  elevation 
iif  not  over  1,100  fwt  and  rests  on  the  Devonian. 

The  same  author  describes  "similar  sand  and  gravel  .  .  .  about  8 
miles  northeast  of  Osage,  .Mitcliell  County''  (simlliwcst  Vj.  scettou  15, 
township  !19,  range  16  west).    Calvin  also  mcnlions  this  deposit  (8)  and 

'  tvilward  SlFliltQiHDn :  Penonal  I'uiiiiiiiinlcatluii. 
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a  better  exposure  a  few  rods  north  of  the  weet  end  of  the  brid^^^S 
Mitchell  (4  mileB  northwest  of  Osage).  The  latter  locality  was  vi  -^ 
by  the  senior  author  in  1930.  The  material  is  exactly  like  that  at  Wa^^c-'- 
and  in  Wisconsin— concretionary  brown  and  yellow  limonite,  in  E_-^ 
part  set  full  of  quartz  and  black  and  gray  chert  pebbles.  The  pet::^^ 
have  a  maximum  diameter  of  three-quarters  of  an  inch.  There  is  -«-^ 
much  sand  associated  with  them.  The  deposit  fills  an  eroeion  chann^J  ^ 
the  underlying  Devonian  limestone.  The  elevation  at  both  the  Mitcjl'^' 
County  outcrops  is  about  1^00  feet. 

McGee  (16)  describes  "a  conglomerate  of  rounded  quartz  pebbles  ii''' 
bedded  in  a  matrix  of  impure  limonite"  in  the  northeast  ^,  section  H' 
township  100,  range  12  west,  four  miles  northeast  of  Lime  Springs,  How- 
ard County.  This  formation  is  said  to  be  present  on  several  hilltopfl- 
The  bedrock  is  the  Devonian  limestone  and  the  elevation  ia  about  1,300 
feet 

Bain  describes  sandstones  and  conglomerates  in  Guthrie  and  Carroll 
counties  which  rest  unconformably  on  the  "Coal  Measures."  The  Baud- 
stones  are  soft,  of  yellow  and  red  colors,  and  much  cross-bedded  (3,  -), 
19).  In  them  are  a  few  thin  layers  of  blue  and  white  plastic  clay.  The 
conglomerates  carry  "small,  smooth  and  well  rounded  pebbles  of  white 
and  pink  quartz  and  black  chert."  The  chert  pebbles  contain  Silurian 
and ,  possibly  Devonian  fossils.  A  few  poorly  preserved  fossil  leaves  of 
Mesozoic  aspect  have  been  collected  from  the  sandstones,  while  fragments 
of  similar  sandstones  containing  Cretaceous  fossils  have  been  found  in 
the  glacial  drift  (4).  The  senior  writer  visited  the  Guthrie  County  ei- 
pusures  in  li)20.  Road  grading  has  made  many  more  opportunities  to 
study  the  deposits  than  were  formerly  available.  The  base  of  the  fonni- 
tion  is  well  exposed  In  section  24,  township  80,  range  31  west.  Just  west 
of  the  bridge  over  Racoon  River  6  feet  of  gravel  rests  unconformably  on 
aliout  11  feet  of  Coal  Measures  shale.  The  pobbles  are  small  and  consist 
uf  white  and  pink  quartz  and  gray,  yellow,  and  black  chert.  The  matrix 
irf  a  coarse  yellow  sand.  Parts  of  the  deposit  are  cemented  by  brown 
limonite  whicli  is  distinct  from  the  occasional  iron  concretions,  which 
were  probably  derived  from  the  underlying  Carboniferous.  Cross-bed- 
ding dips  west. 

A  cut  on  the  Stud'  rujid  cast  of  Guthrie  Center,  in  section  4,  township 
T'.i,  range  31  west,  shows  thi'  following  section: 

F«t 
(4)   Simdstone,  coiirst',  yi-lliiw.  Ktreiiked  with  browu  llmoDlt*':  beds  2  to  3 

Inches;   small  pebbles  on  bedding  planes ] 

(3|  (imvel  like  that  described  above 7 

Cil   ijbnlt!,  bluish  (;r"J   mottled  with  blown  spots U 
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(I)  Sauilxtune,  coarse  to  medium,  yellowish  brown;  beds  I  Inch  to  2  feet; 
Home  beds  of  uonglomerate  c-emented  by  muiiKaiiiferuuH  llmoiilte; 
Iron  concretions. 8 

A  ravine  along  the  southwest  side  of  the  State  road  south  of  Quthrie 
Ceoter,  in  section  1),  township  ?8,  rangs  31  west,  shows  excellent  sections 
of  higher  beds.  A  layer  of  bluish  gray  shale  SiO  to  ZH  feet  thick  overlies 
an  equal  thickness  of  fine,  rather  poorly  sorted,  light  yellow,  soft  sand- 
stone. The  rock  is  finely  laminated  and  the  beds  are  heavy,  some  of  them 
several  feet  in  thickness.  Crosa-bedding  is  abundant  and  dips  in  nearly 
all  directions  except  east.  On  the  bedding  planes  are  pebbles  like  those 
in  the  conglomerates. 

In  the  east  part  of  section  16  of  the  same  township  is  a  gravel  pit  in  a 
(liBintegrated  conglomerate.  There  are  nodules  of  conglomerate  cemented 
by  limonite.  The  upper  part  of  the  deposit  is  of  a  rua^  yellow  color,  but 
the  lower  portions  are  gray  to  white. 

The  base  of  the  Cretaceous  seems  to  rest  on  a  surface  of  rather  low 
relief  at  an  elevation  of  about  1,050  feet.  The  deposits  are  so  very  similar 
to  those  of  the  Windrow  formation  that  there  is  a  decided  probability  of 
their  equivalence. 

The  possibility  of  the  equivalence  of  the  Windrow  formation  to  the 
Rockville  conglomerate  of  UcQee  (15,  16,  7)  has  been  considered  and 
the  type  locality  of  the  latter  (southwest  y^,  northwest  14,  section  24, 
township  88,  range  3  west),  near  Dyersville,  was  visited  by  the  senior 
author  in  1919,  No  ledge  or  outcrop  was  found,  but  merely  loose  boul- 
Jers  of  drift  gravel  cemented  by  limonite.  The  material  is  totally  unlike 
that  of  the  recognized  Windrow  formation  in  the  poor  rounding  of  the 
pebbles  and  the  presence  of  igneous  rocks  and  can  hardly  be  correlated 
therewith. 

MISSM8OTA 

The  only  deposits  in  Minnesota  which  can  with  any  probability  be  re- 
ferred to  the  Windrow  formation  are  the  quartz  pebble  conglomerates 
described  by  Winchell  (31,  33)  in  Fillmore  and  Mower  counties  (south- 
west y^,  section  15,  and  southeast  14,  section  8,  township  103,  range  13 
west;  north  y^,  section  13,  middle  section  IS,  northeast  14,  section  11, 
and  southeast  y^,  section  3,  township  103,  range  14  west).  The  under- 
lying rock  is  the  Devonian  limestone.  The  elevations  of  these  localities 
vary  from  1,300  to  1,350  feet,  Limonite  is  present  only  at  the  first 
named,  where  it  is  known  from  well  records.  Winchell  describes  the 
toDglomerate  as  "a  beautiful  coarse  gravel,  the  greater  part  being  whit4>, 
often  limpid  quartz,  the  size  of  the  pebbles  varying  from  that  of  a  pea  to 
that  of  a  hazel-nut."  At  other  places  the  deposits  are  described  as  "white 
pebbly  conglomerate  which  passes  into  a  ferruginous  grit." 


b/GoO'^lc 


302       TIIWAITES    AND   TWENHOFEL — THE    WINDROW    FORMATION 

In  Goodhue  County  (]],  31)  are  exposures  of  claya  anil  sands  with 
associated  conglomerates  at  elevations  of  1,050  to  l,l."iO  feet  Some  of 
the  sandstonea  contain  fossil  leaves  which  have  been  referred  to  the  Cre- 
taceous. The  deposits  are  believed  by  Sardeson  (31)  to  have  been  gla- 
cially transported  from  another  locality.  There  is  no  good  evidence  con- 
necting these  deposits  with  the  Windrow  formation. 


Salisbury  and  others  (20,  21,  29,  34,  35)  mention  occurrences  of  graif! 
in  Illinois  and  Buggest  tlieir  probablo  equivalence  with  the  gravels  of  the 
Windrow  formation.  Some  of  them  rest  on  the  tops  of  ridges,  and  tlie,*f 
may  be  of  the  same  origin  and  age  as  the  Windrow  formation.  Utbtrf' 
appear  to  be  merely  preglacial  stream  terrace  dejHisits.  The  availalilf 
published  infonnation  is  not  sufficient  U>  enable  tlie  authors  to  lieciilc 
which  of  tile  oecurrenci'S  may  be  of  the  same  age  as  the  Windrow  (urma- 
tiou.    The  elevations  of  none  of  tlie.«e  localiticM  greatly  exceed  TOO  feet. 

OTHER  STATES 

Salisbury  (20,  21)  mention:*  high-level  gravels  in  Missouri,  Kentuc-kv. 
and  Arkansas,  which  he  thought  might  he  wftreluted  with  the  I>evils  Lski' 
deposit.  The  junior  author  1ms  swn  a  few  occurrences  of  cliert  ami 
(juartz  pebbles  on  the  hilltops  of  Kenton  (liiuiity,  Kentuirky,  and  tbi^ 
material  is  very  like  that  in  the  Windrow  formation. 

FOSUILS 

No  fos.-iils  have  heen  discovered  in  the  Windrow  formation  which  ah- 
of  the  same  age  as  the  dej)osit,  inilesK  the  conglomerates  and  associab-'l 
deposits  in  (iuthrie  and  Carnill  conntieri,  Iowa,  in  which  leaves  of  yie-^- 
zoic  as|H.'ct  have  l)ecn  found  and  the  IJiiodliue  ('ounty,  Minnesota,  (■la)^ 
which  contain  t'retaceous  leaves  belong  t«  the  formation.  Fossils  of 
older  formations  are  common  in  the  chert  jiebbles. 

In  Wisconsin  fossils  have  been  colleett'd  at  four  localities.  Their  c- 
currence  at  Devils  I^ake  has  long  been  known.  The  writers  have  fonin! 
them  at  Tuiniel  Nnml)er  ;t,  Summit,  and  Windrow  lllufT. 

Salisbury  (21)  lists  the  following  fonns  frimi  Devils  Ijake  as  idenlifii'>! 
by  E.  0.  Qnereau : 

.IsddccMMJM  ri'iiuxlum  IliiU,  Nlxigarnn. 
XnphrrntiH  <-f.  tvrbiniitn  Hull.  Nliitfin-nn. 
fallopuni  lUynntuhi  HhII,  NliiKKraii. 
Uriup'ira  v\t..  XliiKiiran. 
iirlhoKiiin  jHiiriiiin  Hull.  Culenii-Treiiton. 
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specimens  collected  by  W.  C,  Alden,  from  tlie  same  locality  and  idciiti- 
M  by  E.  0.  Ulrich  (1)  are: 

Climacosponffia  near  radiata  Htude,  Niagara d. 

Amplexui  sp. 

Fav<i»ite»  alT.  F.  atppr  D'Orbtgney,  Nlagaran. 

From  quite  s  large  collection  made  at  Devils  Lake  in  1916  by  Lawrence 
Martin,  tlie  junior  author  has  identified  those  listed  below:' 

Ifindia  gpheroidalia  Duncan,  Silurian. 

Enlerfi(afma  cf.  catictilvm  (Hnll),  Silurian. 

Ha}y»ile»  ratenularia  Linn.  (Hall),  Silurian. 

Faroiilvt  Hitingfri  Udwardx  and  Halme,  Silurian. 

Hlreptclaima  cf.  cornirulum  Hull,  Ordovlcian. 

CiimuUte»  ap. 

FenfutcUa  mii.,  upper  Nlagaran. 

Jlelopora  tip.,  Silurian. 
'Atnipa  rcticularig  Linn.,  Silurian. 

Ht'hertalla  ap.,  Ordovlcian. 

/'mdifflci'us  cf.  nblmtiia*  (smnll)  Sowcrhy,  Silurian. 
*  Khjjttfh'itrfm't  rupax  Conrad,  Rli'hniond. 

HrhuehrrtcUa  cf.  aubplana  (Hall),  Silurian. 

I'lt'uriiUimaiia  ap. 

('I'lnuld  Bcgmenta. 

Those  markeil  thuH  *  ore  well  preserved  and  very  little  worn  and  can 
Hot  have  l)eeii  derived  very  far  from  where  they  were  collected. 

The  Summit  and  Ttinnel  Number  3  Idealities  arc  li.sted  together.  Fos- 
sils are  (juitc  abundant  at  each  place.  From  tbewe  two  localities  the  fol- 
Niwing  have  been  identified: 

Cladopora  xp.,  Silurian  ur  Devonian. 

FavoKitm  )aviifm»  (or  a  cliwely  Filiated  apectes)   Goldfuss,  Silurian. 

FuvunUvi  cf.  niaoarenHH  Hall,  Silurian. 

linli/tUet  calfHularia  Linn.,  Silurian. 

hyvllitt  ef.  a»icrH?(i»(i  KdwardH  and  Ilalme.  Silurian. 

Htromhtidea  mamillarin  Oweit,  Silurian. 

CiltliiHiclya  »]>..  Silurian  or  I>evonlaii. 

tJridoiriipa  up.,  Silurian  in-  I>evoiilBii. 

Finlullpiifu  sp.,  Silurian  (ir  Devimlan. 

HcUipora  sp.,  Silurian  or  Devonian. 

I'fcudohnrnrrn  up.,  Silurian  or  Devonian. 

I'l^tamcrHK  sp.,  Slhirlun. 


Fur   Ihe   Idem  mention   of   tlie   liryoKia 

■uc)   s]ionepi>   the   nrltcrH   $,n   Indc-bted 

H.  Bassl^r.     Illn  »i»i™pnt»  r.antlnir  u 

'  H|>«lmttiii   now  U'liiR   rvltirnpil   to   yoii 

.   1   have   i.lawd   t,Tnerlc   d>'lcrmlual1oni 

■-H  us   (u  agi-.      II  necniB  to  lue  that  prj 

iirtlcnILy   cvi-ry  oni>  ot  tlii'   |»'1i1>I>'n  rum< 

.  Hlliirian  ot  about  Upi»T  NlnBara  time 

ji«D.     At  any  rale,   I  bav.-  not  s<.^u  an 

(mh>v1.1«n  s|n'.'lr=<  nmunn  th™." 
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Howell  lists  &  considerable  number  of  fossils  from  the  iron  ore  at 
Wflukon  which  were  derived  from  the  rock  immediately  below  (11).  In 
chert  pebbles  collected  by  the  senior  author  the  following  have  been 
identified : 

Favotltet  ep.,  Silurian  or  Devonian. 

Atrvpa  retitmlarU  Linn.,  Silurian. 

The  chert  pebbles  in  the  Cretaceous  conglomerate  contain  forms  sim- 
ilar to  those  of  the  recognized  Windrow  formation.  Bain  (4)  lists  the 
following  as  identified  by  Calvin.  The  senior  author  has  collected  fossils 
from  the  same  horizon : 

Ci/athophyUum  sp. 

Bryoxna,  Devonian? 

Spirifer  cf.  S.  eudora  Hall,  Nlagaran. 

Favosites  favo»a  Goldfuss,  Nlagaran. 

Favoiiteg  hUinfferi  Edwards  and  Halme. 

Favo$ite»  cf.  F.  hiapidug  Romlnger,  Nlagaran. 

Streptelaama  sp. 

Streptclagma  tpongaxi*  Romlnger,  Ntagar&n. 

Ptychophyllum  e3!pan»am  Owen,  Nlagaran. 

Zapftretttia  tlokcti  Edwards  and  Halme,  Nlagaran. 

Origin  of  the  Windbow  Fobmation 

previous  views 

ytrong  coiisidured  the  gravels  near  Sent'ca  (S5)  to  have  been  deposited 
by  ocean  currents  and  cemented  by  iron  oxide  coming  from  ferruginous 
springs  or  sonic  other  cause  operating  to  precipitate  iron  from  water. 
In'ing  (14)  considered  that  the  gravels  and  pot-holes  at  Devils  lAke 
record  a  higher  level  of  the  preglacial  Wisconsin  River.  Chamberlin  and 
Salisbury  ascribe  the  conglomerate  at  Sencfa  either  to  the  marine  Cre- 
taceous or  to  thi'  older  drift  {9).  Salisbury  first  recognized  the  wide 
I'Xtent  of  the  upland  gravels  and  correlated  them  with  the  high-level 
gravel.s  tu  the  south,  but  did  not  make  clear  his  views  as  to  their  origin 
{20,  21).  Howell  ascribed  the  deposits  at  Waukoii,  Iowa,  to  accumula- 
tion in  a  bog  <in  a  peneplain  (12),  a  view  earlier  stated  by  Calvin  for  tlie 
Name  deposit  (<i)-  Trowbridge,  Hhiptun,  and  Hughes  considered  that 
tlie  gravels  origiuiitfd  as  stream  di'posits  on  a  Tertiary  peneplain  ( i;{,  22. 
24,  20,27,  28). 

CRITERIA   OF  ORiaiN 

Criteria  relating  to  llii-  origin  of  the  Windrow  formation  may  be  di- 
\ided  into  four  groups,  as  follows:  composition  and  assortment  of  ma- 
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terials,  sedimontary  structurep,  diBtribution  of  deposits,  and  nature  of 
the  nnderlying  surface. 

CtillPOBITION  AND  ASBORTUBNT  OF  THE  UATBR1AL8 

The  materials  of  the  Windrow  formation  fall  into  two  general  groups : 
( 1 )  the  pebbles  and  associated  sands' and  clays,  and  (2)  the  iron  oxides. 
Tlie  chert  pebbles  are  shown  by  their  fossils  to  have  been  derived  from 
Paleozoic  limestones,  none  of  which  was  younger  than  the  Devonian. 
Mont  of  them  came  from  the  Niagara  dolomite.  They  are  generally 
highly  polished,  and  well  rounded  specimens  are  extremely  rare.  At 
Ilovils  Lake  a  few  chert  fossils  were  collected  which  show  practically  no 
wear.  These  facts  prove  that  the  transportation  of  the  cherts  has  greatly 
varied,  and,  as  so  few  of  them  are  well  rounded,  it  follows  that  they  have 
not  heen  subjected  to  much  washing  and  are  probably  of  stream  rather 
than  of  beach  origin.  The  quartz  pebbles  do  not  appear  to  have  been 
derived  from  any  of  the  Paleozoic  formations  now  exposed  in  the  upper 
Mississippi  Valley,  and  it  is  quite  probable  that  their  mother  rock  is  in 
the  pre-Cambrian,  All  are  well  polished  and  rounded,  but  not  one  of 
lenticular  shape  has  been  found.  It  is  concluded  that  they  have  been 
brought  a  great  distance  by  streams  and  were  not  washed  along  a  beach. 
If  the  surface  on  which  the  Windrow  formation  rests  be  projected  north- 
ward, it  will  be  seen  that  the  nearest  possible  source  for  the  quartz  pebbles 
is  the  pre-Cambrian  of  northern  Wisconsin,  Michigan,  or  Canada.  It  is 
poAtiible  that  the  pebbles  did  not  make  their  journey  in  one  period ;  they 
may  have  been  formed  into  a  conglomerate  which  was  later  destroyed  to 
make  the  Windrow  formation.  If  so,  no  direct  evidence  of  the  existence 
of  such  a  conglomerate  has  been  discovered. 

The  assortment  of  the  gravels  and  associated  sands  is  very  poor.  Chert 
and  quartz  pebbles  are  intimately  intermixed,  and  in  a  small  hand  speci- 
men variations  in  size  from  a  tenth  of  a  millimeter  to  two  or  three  centi- 
meters is  common.  The  sandstones  show  similar  imperfect  assortment. 
These  characters,  while  they  do  not  preclude  marine  deposition,  strongly 
suggest  river  origiD. 

The  iron  oxides  are  present  as  concretionary  masses  which  range  up  to 
several  tons  in  weight  and  as  a  cement  for  the  pebbles  and  the  sands. 
They  are  characterized  by  a  variable  state  of  hydration  and  by  the  pres- 
ence of  a  variable  percentage  of  manganese,  phosphorus,  and  clay.  In- 
cluded in  the  iron  ores  are  boulders  of  the  underlying  rock,  unworn 
silicified  fossils,  and  lenses  of  conglomerate.  The  intimate  association  of 
the  different  kinds  strongly  suggests,  if  it  does  not  prove,  that  their 
deposition  took  place  simultaneously.    The  iron  oxides  are  of  the  hog  ore 
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type  and  the  sotirce  of  tlif!  iron  was  pr()b(il)]_v  flip  rosiduum  of  the  nl«'ler 
*rorkp.  Only  locally  has  replacement  of  limestone  by  iron  oxide  Ik^cd 
observed. 

HEIHilUNTARY  KTRVCTVHKH 

These  consifit  of  bedding  and  laminntioii  and  ripplc-marks.  Such  bed- 
ding as  han  been  observed  is  poorly  defined.  Cross-lamination  was  ob- 
served in  a  few  places.  The  iron-liearing  portions  show  essentially  nr>th- 
ing  in  the  way  of  beddinji,  but  this  is  possibly  due  to  tlio  ilevolopment  of 
concretionary  structure  sulwc(|uent  to  deposition,  which  would  have 
brought  about  the  elimination  of  bedding.  A  few  current  ripple-marks 
wore  observed  at  Tunnel  Number  .'[.  None  of  the  structures  suggp^t  ; 
marine  origin  and  all  are  in  liarniony  with  the  view  of  stream  deposition.       ] 

DINTItllllTIOS  ilf  Tim  HKPnSlTB  \ 

In  its  existinjr  o<'curreii<-cK  flie  Windrow  formation  consists  of  isolatei! 
patches  scattered  over  a  wide  jirca.  (Mec  map,  figure  1.)  It  mijjht  be 
assumed  that  the  known  ile|iosHs  of  the  Windrow  formation  are  Temnaiils 
of  a  one-time  continiiou.-*  sbecl,  luit  (he  irregular  local  occurrence  tif 
patches  of  gravel  where  condilionw  for  preservaUon  are  apparently  sim- 
ilar— their  ocenrnjiee  in  a  locality  at  a  cerfjiin  elevation,  while  only  a 
short  distance  away  no  pebbles  occur  at  that  elevation— suggest*  that  iu 
their  former  distribution  the  gravels  were  never  continuou.s.  The  theory 
of  a  once  continuous  sheet  is  a  nei-essary  c<ineequpiice  to  the  view  that  the 
gravels  are  marine  conglomerates:  hut,  if  thoy  are  stream  deposits,  it  is 
very  improbable  that  the  patches  were  ever  continuous  and  the  present 
disiribution  is  readily  exjdnincd. 

It  has  been  suggested  tlint  Iticse  gravels  were  deposited  on  a  )ieiieplain 
(i:(.  2-1.  211,  Sr,  2S).  To  Hie  wri).-rs  Diis  docs  not  seem  a  iieeessnry  con- 
clusion. The  surfnce  iieneatli  llie  pelililes  .'uts  across  all  fonnalions  from 
the  Huroriiaii  U>  the  Cnrhonircrous.  l)iit  lliat  is  what  occurs  in  the  vullcy 
of  any  streiini :  so  that  this  fai't  nloiLc  <I<ics  not  prove  the  e.xisteiice  of  a 
[wTieplain.  The  si/.c  of  the  pcblilcs.  tiic  disfaneo  some  of  them  must  have 
been  transported,  the  [lol-holrs  iil  Devils  Ijikc.  inid  the  deep  crevice  filled 
with  gravel  at  Sen.-ca  .lo  n.it  agree  with  llle^lsuid  conception  of  the  slow- 
llowing  streams  .if  a  i>.'n.>|>liiiii.  These  ehanieteristics  are  more  in  har- 
mony with  v.-illey,;  i*itli  ,\  ronsidiTiiLle  extent  of  floodpbiiii.  witli  .-<.n<id- 
end>ie  gradient  In  iW  strcnni  bed.  ;in  nei>a-ionnl  fall  or  rapid,  and  divide:^ 
of  considerable  bcitdit. 


Ii  ing  the  Windrow  formation  is  know 
■  Lake  ii  is  a  water-worn  quartzite  i 
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"liich  are  pot-holes  a  foot  or  more  in  diameter.  The  presence  of  these 
pmrM  a  rapids  or  falls  which  it  is  rather  difficult  to  believe  were  made 
olfier  than  at  the  time  the  gravels  were  deposited.  At  Waukon,  Iowa, 
'wi  piti  are  stated  to  have  found  the  ore  to  he  separated  from  the  under- 
lying (loiomitc  by  a  foot  or  two  of  residual  oiay.  Unworn  fossils  and 
**iii!ilers  from  the  anderlving  rock  are  pri'sent  in  the  iron  oxide.  The 
'^Iream  at  that  place  was  not  so  swift  as  at  Devils  Lake,  and  img  ore  could 
dppwit  ajwinst  banks  oE  dolomite.  At  Seneca  the  conglomerate  pene- 
'rates  M  feet  into  a  fissure  in  tlio  licdnjck.  Whether  it  came  into  this 
fissure  during  or  since  its  origin  can  only  Ih!  conjeitured ;  hut.  considering 
"le  generally  impervious  character  of  this  material  where  iron  oxide  is 
[Tpserit,  it  is  more  proliable  that  the  de]»isit  was  washeil  into  a  fissure  at 
Uie  lime  of  deposition.  At  Mit<'!ioll,  lown,  the  Windrow  formation  fills 
ail  erosion  channel  in  frcsli  Devoniiiii  liniestime.  Tn  (inthrie  County, 
Iwa,  the  surface  <)f  tlie  underlying  Coal  Steasnres  beneath  the  Cretaceous 
is  rarely  seen,  but  appears  to  be  one  of  r-ompara lively  small  relief. 

fONVU.'HIO.VH  Att  TO  OKiniN 

The  surfflce  on  ivbii-b  the  pah'bcs  nf  the  Windniw  formation  re.st  bevels 
aiTWs  the  Huronian  and  PalHizoic  strata,  dciicending  from  1,440  feet  at 
Jlevils  Uke  to  ab((ut  I.ItllO  fi-et  along  the  Mississijipi,  about  1.100  feet  in 
northern  Iowa,  and.  if  the  conglomerate  of  siinthwestern  Iowa  is  a  part 
of  the  formation,  it  descends  in  that  lociility  ti>  alniut  1,050  feet.  The 
i)uartz  pebbles  were  probably  derived  from  tbe  north  or  northeast  of  their 
present  distribution.  It  is  suggested  on  subsetjuent  pages  that  the  gravels 
were  deposited  during  the  Cretaceous  period.  The  Cretaceous  sea  lay  to 
the  south  and  west.  The  pebbles  are  believed  to  be  of  stream  deposition 
in  a  region  of  considerable  relief,  and  to  have  iM*n  deposited  by  streams 
flowing  to  the  south  and  southwest.  The  absence  of  cherts  containing 
Mi^issippian  and  Pennsylvanian  fossils  is  in  harmony  with  tins  conclu- 
sion, since  such  most  certainly  would  have  l)con  among  the  pebbles,  had 
the  streams  flowed  in  the  oppoj-ite  direction. 

AOK   OF   THK    WlKnROW    FoRMATlO:* 


With  slight  reservations,  Winehell  and  T'pliam  ascribed  the  gravels  and 
associated  deposits  of  southeasterti  Minnesota  to  the  Cretaceous  (30,  31, 
32.  33).  Salisbury  considered  that  '"it  i.s  not  l)eyond  the  possihility  that 
some  of  the  beds  .  .  .  are  Cretaceous,  while  others  are  Tertiary";  but 
that  "the  balance  of  evidence  seems  to  favor'  reference  to  the  latter  (SO). 
Howell  concluded  that  "it  [the  plain  on  which  the  gravels  occur]  may  be 
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assumed  with  coneiderable  canfidpnce  to  be  of  Pliocene  age,  since  it  bean: 
gravele  which  belong  to  the  Pliocene  Lafayette  formation"  (12).    Troir- 
bridge  appears  to  hold  a  similar  view  (13,23,24,26,87,88).   ChamberliD 
and  Salisbury  (10)  discussed  these  gravels  under  the  Pliocene,  but  sug- 
gested that  they  may  be  of  older  age. 

CRITERIA  RELATIKQ   TO  CORRELATION 

There  are  two  problems  involved,  the  correlation  of  the  occnrrenca 
with  each  other  and  their  correlation  with  deposits  of  known  age.  Id  tie 
discussion  which  follows  the  two  problems  are  not  separated.  Criteria 
which  bear  on  the  age  of  the  gravels  of  the  Windrow  fonnation  may  be 
divided  into  six  groups:  (1)  lithological  similarity,  (2)  topographical 
position,  (3)  fossils,  {■()  age  of  underlying  formations,  (5)  relation  to 
overlying  formations,  and  (6)  history  since  the  advent  of  glaciation. 

lATROLOaiCAL  SIUILARITT 

The  correlation  of  the  different  occurrences  of  the  Windrow  fonnation 
with  one  another  Is  in  large  part  based  on  their  lithological  similan^ 
Such  differences  as  exist  are  quantitative,  not  qualitative.     This  fad 
taken  in  connection  with  other  evidence,  leads  the  writers  to  the  conclu- 
sion that  the  Windrow  deposits  as  far  west  as  Mitchell  County,  Iowa,  are 
of  the  same  age."    The  gap  of  120  miles  from  Floyd  County  to  Guthrie 
County,  Iowa,  Is  more  difBcult  to  bridge.    There  seems  little  doubt  that 
the  Guthrie  County  beds  are  Cretaceous,  and  could  a  correlation  of  these 
lasal  Cretaceous  gravels  with  those  of  the  Windrow  formation  be  defi- 
nitely established,  the  age  of  the  latter  would  be  determined.    The  corre- 
lation of  the  Windrow  formation  with  the  high-level  gravels  of  Illinois  U 
even  more  difficult  and  hesitation  is  felt  in  attempting  such.    Whether  or 
not  the  upland  gravels  of  Buffalo  County,  Wisconsin,  belong  to  the  Wiiiil- 
row  formation  is  an  open  question.     They  are  much  loss  tike  it  than  is 
the  Cretaceous  of  southwestern  Iowa,  but,  on  the  other  hand,  they  are  not 
like  any  known  drift  in  that  they  lack  igneous  rocks.     The  larger  stores 
are  possibly  all  of  local  origin  and  none  found  is  striated.    It  seems  im- 
pmbable  that  all  the  igneous  rocks  could  have  been  destroyed  by  weather- 
ing, for  they  are  present  in  what  has  generally  been  considered  the  oldest 
known  drift,  the  Nebraskan.    It  i?  certain  that  these  gravels  antedate  the 
valleys,  and  so  are  prc^imahly  of  pre- Pleistocene  age. 

^  In  Ihts  connrctinn  )t  !i1iDuld  hr  stated  Ihni  Hip  H-rltcrx  do  nnt  nsxiimp  ihc  crHTptt 
n-fr"  nccpsanrll.v  dppostted  within  ■  pprtod  ot  tlmp  rp|irpBpntpd  liy  onj  marine  formsHon. 
An  pQlIrp  period  may  have  Scpn  involvrd  nnd  siinip  [lortlnnB  of  the  gravels  may  well  tie 
snmpwlint  older  than  olliprx.  bill  they  btp  believed  to  hnvp  been  depmttpd  within  a  spare 
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TOPOQKAPBW  POSITION 

One  of  the  strongest  lines  of  evidence  tending  to  show  the  great  age  of 
the  Windrow  formation  is  its  topographic  poRition.  Most  of  the  known 
onctirrences  are  on  the  summits  of  the  highest  land  in  the  vicinity.  At 
Devils  Lake  the  gravels  are  over  500  feet  above  the  surrounding  country 
and  close  to  900  feet  higher  than  the  rock  bottom  of  the  pregiacial  gorge 
fif  the  WiscODHin  Biver,  The  Waukon  deposit  is  about  900  feet  higher 
than  the  rock  bottom  of  the  Mississippi  Valley  to  the  east,  while  the 
Windrow  Bluff  occurrence  is  over  800  feet  above  the  rock  bottoms  of  the 
adjacent  valleyB.  East  of  the  last-named  point  the  strata  on  which  the 
Windrow  deposits  rest  have  been  entirely  removed  over  thousands  of 
w]uare  miles,  leaving  the  great  central  plain  of  Wisconsin.  These  topo- 
graphic features  took  a  long  time  to  make  and  they  seem  to  have  been  in 
pffientially  their  present  form  at  the  beginning  of  the  Glacial  period.  The 
harmony  of  the  elevations  above  sealevel  is  an  additional  argument  that 
the  different  patches  of  grave!  were  deposited  at  essentially  the  same  time. 

It  has  already  been  suggested,  in  the  consideration  of  the  origin  of  the 
Windrow  formation,  that  it  was  deposited  by  streams  under  conditions  of 
onnsiderable  relief.  Such  being  the  case,  it  follows  that  at  the  time  of  the 
deposition  of  the  gravels  the  present  location  of  the  deposits  were  the 
lowest  parts  of  the  surface  instead  of  the  highest,  as  they  are  today.  The 
divides  have  migrated,  so  that  what  once  was  a  valley  bottom  is  now  the 
top  of'a  ridge.  Such  has,  doubtless,  been  brought  about  in  part  by  the 
resistance  to  erosion  of  the  iron-oside  deposits,  and  an  intervening  period 
of  peneplanation  is  not  a  necessary  consequence  in  the  sequence  of  events. 
The  nature  of  the  gravels  suggests  fairly  wide  valley  bottoms  with  fairly 
high  divides.  Hills  doubtless  rose  to  considerable  heights  along  the 
Ktream  courses,  and  from  their  erosion  the  chert  pebbles  were  derived. 
The  crevice  at  Seneca,  Wisconsin,  if  formed  at  this  time,  indicates  suflB- 
cient  relief  to  permit  the  formation  of  caves.  If  we  imagine  the  country 
as  it  appeared  when  the  deposits  were  laid  down  and  realize  that  not  only 
have  the  stream  courses  moved  through  the  complete  elimination  of  the 
former  divides  and  have  entrenched  themselves  800  to  900  feet  below  the 
former  levels  of  their  valley  bottoms,  but  that  over  thousands  of  square 
miles  they  have  totally  removed  everything  to  this  thickness,  so  as  to  form 
the  great  central  plain  of  Wisconsin,  then  we  obtain  some  conception  of 
the  age  of  the  Windrow  formation. 


No  fossils  have  been  collected  in  any  of  the  deposits  which  are  contem- 
poraneous therewith.    The  cherts  have  yielded  fossils  which  range  in  age 
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from  the  Ordovician  to  the  Silurian  and  poBsibly  the  Devonian.    This 
gives  poeitive  assurance  that  the  gravele  are  of  poBt-Silurian  age. 

AQE  OF  TBE  U/fOBRLTIKO  FORMATIOVB 

The  youngest  rocks  known  to  certainly  underlie  the  Windrow  forma- 
tion are  of  Devonian  age.  If  the  Guthrie  County,  Iowa,  conglomerate> 
are  part  of  this  formation,  then  the  Windrow  formation  is  post-CarboD- 
iferoufi. 

RELATION  TO  OVBRLTINO  DBPOaiTB 

The  materials  known  to  overlie  the  Windrow  formation  are  the  glacial 
drift  and  the  loess.  This  relation  proves  that  the  formation  is  older  than 
these  deposits. 

HISTORY  einCB  THE  ADVBST  OP  OLACIATIOV 

The  earlier  glaciers  found  the  topography  of  the  Driftless  Area  nnt 
greatly  different  from  what  it  is  today.  They  apparently  entered  the 
central  plains  area  of  Wisconsin  in  Wood  and  Jackson  counties,  thus 
showing  that  this  plain  is  of  pre-early-drift  age,  and  that  the  Windmw 
formation  long  antedates  the  time  of  these  glaciers.  The  erosion  which 
has  taken  place  since  the  retreat  of  the  earliest  ice  in  Wisconsin  is  a  mere 
nothing  compared  (o  that  which  has  occurred  since  the  formation  of  the 
upland  gravels  and  bog  ores. 

Unless  the  time  necessary  for  erosion  of  such  great  valleys  and  lowlanil 
plains  as  have  been  formed  since  the  deposition  of  the  Windrow  forma- 
tion is  much  less  than  is  generally  thought  necessary,  the  entire  Tertiarr 
period  does  not  seem  too  long,  in  the  opinion  of  the  writers,  to  have 
brought  about  the  existing  stage  of  topography.  It  is  true  that  in  tie 
western  mountains  huge  canyons  have  been  carved  since  Middle  Tertiary 
time,  but  the  conditions  of  climate  and  slope  are  there  vastly  different 
from  those  which  could  ever  have  existed  in  Wisconsin  ;  so  that  the  com- 
parison is  not  fair. 

SUUUABT 

The  statements  which  follow  summarize  the  general  facts  relating  to 
the  Windrow  formation  and  writers'  conclusions  based  thereon : 

(1)  The  Windrow  formation  consists  of  gravels  and  conglomerate 
with  quartz  and  chert  pebbles  and  of  associated  bog  iron  ores  which  in 
part  make  up  the  cement  of  the  conglomerates.  Some  sandstone  and  clay 
are  also  present. 

(2)  The  formation  rests  unconformably  on  formations  ranging  from 
the  Hurouian  to  the  Devonian  and  possibly  the  Carboniferous.  It  i* 
overlain  by  loess  and  glacial  drift. 
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(3)  The  Bnrface  of  the  imderlying  rocks  is  weathered  and  is  locally 
stream- worn. 

(4)  The  distri'butioQ  of  the  Windrow  formation  is  discontinuoas  and 
there  is  little  to  Buggeet  that  the  present  isolated  patches  were  ever  parts 
of  a  continuous  sheet. 

(5)  The  bedding  is  poorly  defined,  the  assortment  is  extremely  poor, 
the  quartz  pebbles  are  well  rounded,  and  the  chert  pebbles  are  poorly 
rounded.  All  the  characteristics  of  the  formation  show  that  it  was  de- 
posited in  streams  of  considerable  velocity.  The  iron  oxides  were  depos- 
ited contemporaneously  in  bogs  along  the  stream  courses. 

(6)  Judging  from  the  size  of  the  pebbles,  the  deposits  were  made  under 
conditions  of  some  relief.  No  evidence  has  been  observed  which  necessi- 
tates connecting  them  with  a  period  of  peneplanation. 

(7)  Since  the  origin  of  the  Windrow  formation  the  region  of  their 
occurrence  has  experienced  great  erosion ;  divides  have  migrated  and  the 
streams  entrenched  themselves  to  a  maximum  depth  of  nearly  900  feet; 

I  hundreds  of  feet  of  strata  have  been  stripped  off  from  areas  of  thousands 
1  of  square  miles. 

(8)  The  Windrow  formation  closely  resembles  the  Cretaceous  con- 
[  glomerates  of  western  Iowa.  The  stream  courses  in  which  it  was  depos- 
I  ited  appear  to  have  led  to  the  Cretaceous  sea  to  the  west. 

(9)  The  chert  pebbles  were  derived  from  Ordovician,  Silurian,  and 
f  poesibly  Devonian  strata,  which  must  have  once  had  a  much  wider  dia- 
i  tribution  than  at  present.  The  quartz  pebbles  were  probably  derived 
I  from  the  veins  of  the  pre-Cambrian. 

(10)  All  lines  of  available  evidence  connect  the  Windrow  formation 
I  with  the  Cretaceous  period.* 
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He  also  conclade*  that  the  lurface  on  wblcb  the  Windrow  formatloD  reats,  when 
J  injMled.  flta  better  with  the  aarface  beneath  the  Tertiary  than  with  that  beoeath  the 
f  Crtlaceoua  (page  122).  This  correlation  mates  the  age  of  the  valleys  of  the  Drittleas 
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f  wbtn  Nebraakan  drift  la  present  on  the  divides  (pages  124,  12S). 

Tbere  is.  however,  no  direct  evidence  to  abow  bow  moch  older  tbe  gravels  are  than 
I  ttc  valleys.  If  the  latter  are  In  large  part  post-NebraskaD,  It  requires  either  a  longer 
Iteatlon  of  the  Plelatncene  Ihao  Is  currently  accepted  or  a  greater  rate  ot  eroalon  In  the 
f  early  part  ot  that  period  than  In  tbe  later  part,  or  both. 
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Owing  t«  the  fact  that  we  have  today  only  the  pearly  nautilus,  a  still 
little  known  deep-sea  form,  for  comparieon,  there  etill  exiBte  much  doubt 
in  regard  to  the  mode  of  life  of  the  Paleozoic  Nautiloidea.  To  cite  an 
example,  the  simple  atraight-shelled  Orlkoceras  is  considered  by  some 
;;(Mxl  authorities  to  have  been  a  bottom  crawler,  by  others  as  having  swum 
ill  a  vertical  position,  and  by  still  others  as  having  buried  himself  in  tlic 
inud  in  an  upright  position,  or  as  having  been  fixed  at  the  apex.  There 
are  few  facts  known  that  could  shed  light  on  the  mode  of  life  of  these 
early  cephalopods,  and  it  is  therefore  thought  worth  while  to  record  here 
^^(lme  new  biologic  observations  on  these  creatures. 

Indications  of  a  ckawling  Monv;  nv  Life 

a,  FBOU  COLOR  fl.iYOS 

The  Trenton  limestone  of  New  York  lias  afforded  a  number  of  speci- 
mens of  Orlkoceras  [Gi-isonoceras)  tentiitexfum  (Hall)  that  retain  red- 
dish brown  color  lines  on  a  white  background.  These  lines  are  found  only 
on  one  side;  they  are  thickest  in  the  middle  of  the  colored  area  and  be- 
come separated  by  wider  interspaces  in  the  transitional  zones  and  arc 

'  Manuscript  received  by  Ok  Becrelar;  of  Ibt  Society  Marcb  3.  1921. 
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entirely  absent  on  the  opposite  side.  The  color  bands,  which  probably 
consislied  of  melanin  pigmente,  enter  the  shell  Bubstance  about  one  milli- 
meter deep,  and  are  so  resistant  to  solution  and  weathering  that  thej 

have  given  to  mniiy  slightly  etched  shells  a  fluted  appearance,  which  fact 
has  led  to  the  description  of  a  dif- 
ferent species,  Ortkoceras  strigatum 
Hall.  The  color  bands  lie  below  the 
fine  surface  sculpture  consisting  of 
intersecting  vertical  and  longitudi- 
nal lines. 

We  see  in  the  phenomenon  of  the 
coloring  of  the  sheila  on  one  side  only 
direct  evidence  that  the  species  in 
question  was  given  either  to  crawling 

on  the  bottom  of  the  sea  or  to  swimming  in  a  horizontal  position,  eilher 

of  which  habits  would  have  developed  a  differential  coloring  on  the  dorsal 

and  ventral  sides.    It  seems  improbable  that  the  long  and  straight  com-s 

could  have  been  carried  horizontally  in  swimming,  especially  since  tlit? 

creatures,  like  their  descendants,  would  have  swum  backward,  and  thus 

exposed  the  delicate  shells  to  frequent  collisions 

and  fracturing. 

There  is  other  evidence  available  that  sup- 

jiorts  the  view  that  the  conchs,  Imoycd  up  by 

gas  in  the  air  chambers,  witc  lightly  dragged 

over  tlie  soft  mud  by  the  sluggish  animals.     One 

of  these  is  that  the  shells  on  closer  inspection 

turn  out  to  be  no  regular  cones,  but  to  be  gently 

curved,  so  that  the  -side  witli  the  color  bands  is 

slightly  convex,  while  the  other  (ventral)  side 

is  straight  or  even  a  little  concave. 

.\iiother  observation  tliiit  corrolxi rates  the  ex- 
planation here  given  is  ihiit  specimens  of  the      i'ihibk  ■i.—ryriorr.at  par- 

sanu!  species  foimd  in  the  Utiin  shale  arc  some-  '"'""'  narranflp.  tnih 

limes  overgrown   with  a  brvo;ioau    (Sjinlionora 

Iiiii-ala    1  Inch,    \ht.    romp-icla    nov.),    whose 

/oiiriinii  hegins  to  grow  near  the  ii|)i'\  uiid  thence  extends  forward  towanl 

the  aperture  of  ilic  sliiOl ;  also  on  one  side  of  the  shell  only.     If  the  hrvo- 

/oan  had  attiichcd   itself  after  the  death  of  the  cephalopod,   it  would 

liartHy  have  gi'invn  pari  pii-^xti-  with  tiie  shell. 

Spccinviis  cjf  Orlhori'ia"  {I'mlokionorprns)  Irusiiuti)  Clarke  and  Rue- 

doniauii  from  the  (Jueljih  limestone  at  Hochestcr  have  also  been  found  to 
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INDICATIONS  OF   CRAWLING   HABIT 


[Kiiiseas  color  bands  on  one  side.  Silurian  specieB  of  Cyrtoceraa  with  short 
lurve'l  shfUi  anti  otht-r  lircvioonio  forms  have  been  found  by  Barraiidc  to 
have  been  enibellitihed  with  tfanaverse  zigzag  color  bands  that  passed 
{■ntirely  around  the  conch.  It  is  quite  obTious  that  both  color-markinge 
and  form  of  conch  are  in  both  groups  of  shells  in  perfect  harmony  with 
iheir  raode  of  life — in  Ortkoceras  with  a  crawling  habit,  in  which  the 
nmch  is  dragged  behiod ;  in  the  breviconic  species  of  Cyrioceras  with  a 
irawLng  habit,  in  which  the  shell  is  carried  obliquely  or  fairly  upright 
ai)(l,  as  suggested  by  the  position  of  the 

liyponomic  sinus  on   the  convex  side,  ) 

with  the  apex  pointing  forward.  I 

The  differentiation  between  dorsal 
and  ventral  color-marking  is  lost  in  the 
breviconic  forms,  both  sides  being 
tquaUy  exposed  to  light  and  sight. 


Certain  of  the  straight-shelled  forms 
)><K!8e?s  secondary  deposits  in  the  air- 
chambers.  It  has  lieen  found  that  in 
s-jme  of  these,  notably  Adinoceras 
Irnuifilum  (Hall)  from  the  Black 
itiver  (Watertown)  limestone  of  New 
York  and  Canada,  the  secondary  de- 
posits which  cover  the  inside  of  the 
outer  wall  and  the  upper  side  of  the 
s'pta  abut  in  thick  rings  against  the 
uununuloidal  segments  of  the  sjphuncle 
in  such  a  fashion  as  to  form  a  structure 
that  increases  the  resistance  of  the  shell  against  being  crushed.  Such  a 
structure  was  of  use  only  if  the  shell  was  dragged  horizontally  over  the 
;;round.  Forms  like  Gonioc.raa,  with  planoconves  section  of  the  shell 
ajid  broad,  low  apertures,  indicate  already,  by  their  form,  their  crawling 
habit. 


Section  tbrough  porllon  of  cooi-h, 
ehowlDfl  aecoDdHr;  ottrailc  depanllii 
■rboDBte  of  lliue  (Kbadrd)  :  Iowit 
,  BMtlon  tbroURb  Blphuncle.  Nat- 
ural Bile. 


DlFFERKNTIATlOX    IN    SlZE    OF    SeXES 

Another  group  of  observations  points  to  early  differentiation  in  the  size 
'if  the  sexes  in  some  of  the  Paleozoic  cophalopods.  The  Upper  Utica 
sliale  at  Holland  Patent,  in  New  York,  contains,  in  close  association  in 
ihe  same  bed,  three  different  forms  of  breviconic  cephalopods,  namely,  a 
larger  and  a  smaller  form  with  contracted  apertures  anil  a  smaller  form 
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with  wide-open  apertareB.  According  to  the  usual  procedure,  thes; 
would  be  distinguished  as  different  species,  the  first  two  as  belonging  to 
Oncoceras,  the  third  as  a  Cyrtoceras. 

The  fact  that  both  the  larger  and  smaller  forms  with  contracted  iper- 
tures  exhibit  more  closely  arranged  septa  just  below  the  living  chamber 
indicates  that  the  contracted  apertures  actually  indicate  a  gerontlc  cod- 
dition,  and  that  both  forma,  the  larger  and  the  smaller,  had  reached  or 
|)aa8ed  maturity.  Outside  of  this  difference  in  size,  the  two  forms  agret' 
absolutely  in  all  other  diagnostic  characters,  as  relative  rate  of  growtli. 
depth  of  camene  and  septa;  and  likewise  does  the  third  form,  with  wide- 


FrfitBi    *.—Onco<-ara» 

FiniiRB    B.— Oncocera* 

FIOI'RE  0.— Omwrra* 

pHp-eforma  nov. 

pMpafonne  no  v. 

pup^tormt  ncT, 

SlBture  t«ii«le.     Natoral 

Muture  m«)e.     N.tarml 

Immature  female.     Nun 

open  aperture,  fail  to  show  any  other  differences  suggestive  of  8])ecifii 
diafinction.  This  third  form  is  also  of  smaller  size  and  ranges  betwwii 
the  smaller  and  larger  forms. 

We  consider  these  three  forms  as  belonging  to  a  single  species  I'f 
Oncoceras  (to  be  described  in  another  place),  the  larger  and  pmBller 
forms,  with  contracted  apertures,  representing  the  mature  femalw  8n<! 
males  respectively,  and  the  intermediate  form,  with  uncontracted  aper- 
ture, the  immature  females. 

The  conclusion  that  the  larger  shells  contained  the  females  of  the  sj*-   j 
eies  and  the  smaller  ones  the  males  is  based  on  the  observation  in  rwiii 
replialopnds  Ihat,  as  a  rule,  the  males  are  more  slender  or  smaller  Wan 
tiie  females.     In  Argonouta,  where  the  maximum  of  sexual  dimorpll^^nl 
is  found,  the  females  are  as  much  as  1o  times  as  long  as  the  males. 
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;{ii) 


While  there  already  .exist  observatious  made  by  European  Bcholars  on 
stomal  dimorphism  amoiig  the  Meuozoic  ammonites,  we  are  not  aware  of 
fudi  regarding  the  Paleozoic  nautiloids.  Barrande  noted  the  wide  dilTer- 
iwes  in  the  relative  lengths  of  the  living  chamber  in  the  same  species  of 
Orlhocfras,  but  saw  in  them  but  individual  variations  in  size.  We  con- 
siiler  it  very  probable  that  they  also  denote  a  difference  in  the  size  of  the 


Sync II mix ic  relation  of  Skkea  to  Growth-lines 

A  further  observation  on  an  Ordoviciaii  species  of  cephaloptids  relates 
til  the  origin  of  the  septa. 

\  species  of  Ortkoceras,  namely,  0.  {Geisonoceras)  cf.  irnnsversum 
Jliller,  has  been  found  in  the  lower  Lorraine  shale  preserving  {on  sjieci- 
niens  that  are  compressed  into  a  single  plane 
anil  whoxc  substance  is  totally  dissolved)  in  the 
same  plane  both  the  septal  sutures  and  the  aur- 
fai'e  sculpture.  It  is  seen  in  these  specimens 
tliat  the  transverse  growth-lines  of  the  sculpture 
are  crowded  at  regular  intervals,  and  that  these 
intervals  exactly  correspond  to  the  depth  of  the 
iHiiK'ne  or  to  the  distances  between  the  septa  as 
indicated  by  the  sutures.  Assuming  that  the 
iTiJwded  growth-Unes  denote  periods  of  rest  in 
ilie  growth  of  the  animal,  it  follows  that  the  ■ 
si'pta  likewise  indicate  regularly  returning 
periods  of  rest  following  times  of  rapid  growth. 
These  perio<ls  of  rest  are  believed  to  correspond 
primarily  to  the  periods  of  reproduction  in  the 
malure  specimens.  The  periods  of  rest  and 
^■\ual  production,  in  which  the  septum  was 
fiirmed,  alt«rnat<'  regularly  with  periods  of 
rapid  growth  and  lengthening  of  the  shell.  The 
Furmation  of  the  septa,  which  originated  with 
iln^  perio<lic  interruptions  in  or  a  slackening  of  Krowth- lines  »aa  guinrpH 
the  rate  of  growth  in  the  mature  individuals, 

lia«  by  tachygenesis  Iwen  carried  back  into  the  earlier  growth-stages  for 
the  purpose  of  shutting  off  the  unused  portions  of  the  conch  and  at  the 
same  time  to  strengthen  it  and  provide  air-chainhers  to  buoy  up  the  shells. 

A  similar  periodicity  in  the  growth  of  the  shell  is  shown  in  the  succes- 
sion of  flaring  apertures  of  the  Devonian  Hhijlirerns  cijrhps  (Hall)  and 


t   portinn   or   earn- 
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similar  types.    In  later  forme  the  growth  of  the  apertural  margio  Beems 
to  have  become  fairly  uniform. 

Interior  obioin  op  Anndlation 

I  should  like  to  add  here  an  observation  giving  a  suggestion  as  to  tlii' 
origin  of  the  peculiar  annulation  observed  in  the  Cycloceratidte.  Ati 
early  annulated  form  of  the  Beekmantown  of  New  York  originally  de- 
scribed as  Ortkoceras  comu-oryx  (now  Orygoceras)  Whitfield  possess- 
the  annuli  only  as  grooves  on  the  inside  of  a  rather  thick  ahell  that  is 
smooth  on  the  outside,  so  that  the  casts  only  appear  annulated.    The,*' 


grooves  suggest  that  the  annulation  may  have  originated  on  the  inside  uf 
the  shells  by  absorption  from  the  necessity  of  gaining  more  room  to  plaw 
the  probably  voluminous  sexual  products.  The  observation  that  tlie 
annuli  in  the  earlier  forma,  as  notably  the  Fort  Cassio  species  Prolory- 
cloceras  lamarH  and  P.  whiffieldi,  exactly  correspond  in  position  aiui 
number  to  the  septa  seems  to  corroborate  this  inference  of  the  original 
function  of  the  annulation  in  these  cephalopods.  Later  the  annulatio". 
which  coufd  hardly  have  been  of  advantage  in  the  movement  of  forms  that 
dragged  their  sliells  over  the  ground,  appears  to  have  persisted  in  th^' 
C'ycloceratidK,  because  of  its  lending  greater  strength  to  the  shells. 
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Intboddction 


The  subject  of  paleopathology  is  replete  with  pitfalls.  When  one  re- 
tails that  the  field  covers  all  evidences  of  disease  or  injury  from  the 
Proterozoic  to  the  civilization  of  the  continents  by  the  white  races,  the 
reasons  for  the  pitfalls  will  be  evident,  I  have,  however,  been  emboldened 
by  the  example  of  others  to  widen  my  range  of  thought  and  have  em- 
barked on  this  difficult  mission. 

DuFiNiTiON  OP  Paleopathology 

The  difficulties  arise  on  every  hand.  First:  Paleopathology  is  "dry- 
lione  pathology,"  a  subject  held  in  some  contempt  by  medical  men,  and 
in  consequence  the  literature  on  the  subject  is  widely  scattered.  One  thus 
needs  to  build  up  a  knowledge  of  modem  human  and  animal  pathology 
relating  to  the  skeleton.  Second:  The  determination  of  a  disease  and  its 
pathology  in  modern  medicine  is  by  microscopic  as  well  as  by  gross  ex- 
amination. Hence  a  knowledge  of  the  histological  nature  of  fossil  bone 
was  necessary.  Sucli  a  review  has  been  made  and  its  results  will  be  re- 
corded. Third:  One  must  venture  out  of  liis  chosen  realm  of  thought, 
and  is  likely  to  regard  a  geode  as  a  tumor ;  a  post-foastlization  fracture 

'  Manuscript  received  bi  Ihe  Secretary  of  tbe  Society  March  3,  1021. 
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as  evidence  of  carie»> ;  a  Donnal  muscular  eminence  a«  a  callus  following 
fracture.  However,  with  care  and  the  advice  of  kind  friends,  ejperis  in 
their  fields,  the  subject  may  be  pursued  with  some  profit. 

The  subject  had  its  inception  in  a  difficult  way.  While  it  was  being 
studied  and  defined  among  Paleozoic  animals  in  America,  Buffer,  tliou- 
sands  of  miles  away,  was  studying  and  defining  it  among  the  ancient 
Egyptian  mummies,  the  workers  being  equally  unaware  of  the  others. 
My  work  has  been  to  fill  in  betwoen  the  ancient  evidence  of  disease  in  thi> 
Paleozoic  and  the  eviilcnccii  of  pathology  among  ancient  men.  Hence  a 
knowledge  of  "the  status  of  disease  during  the  Mesozoie"'  is  essential  lea 
proper  filling  out  of  tKe  subject. 

Mesozoic  Pathology 

We  need  not  discuss  at  this  time  the  origin  of  disease.  It  may  h&w 
l>ee;i  present  in  the  Protcrozoic  or  it  may  have  arisen  later,  I  am  incliuuil 
to  think  that  our  conception  of  the  time  of  origin  of  disease  will  be  modi- 
fied by  our  definition  of  the  term  disease.  It  is  a  pity  that  the  Permian 
is  not  a  portion  of  the  Jlesozoic,  for  Permian  pathology  is  more  closely 
related  to  the  Mesozoie  than  to  the  Paleozoic.  However,  to  he  orthodus, 
wc  shall  begin  our  discussion  with  the  Triaaaic.  The  following  brief 
tabulation  of  Mesozoie  pathology  will  aid  in  appreciating  the  degree  nr 
progress  disease  had  made  at  this  time. 

I.  Arthritides: 

1.  Spondylitis   deformans    (Dlplodocus,    Camarasaurus,   Tj'RiDnii- 

2.  Multiple  arthritis  {Kheumatoid  In  Mosasitar). 

3.  ArthrltiM  defumuinH  (wltb  onteotita  and  pprlo^ltls). 

11.  Tumors: 

4.  Oateomn  (Moxasnur). 

r>.  Hfpmnnelonin  (.\pat<isauruK). 

in.  NecroHpa: 

f  Jurassic  crocodile. 
Trleeratopa  skull , 
Cainptosaurus 
Mosasnur  radius. 

7.  CnrleM  in  Mosasaur. 

IV.  H.vi)eroKtoses ; 

8.  Alveolar  osieltls  (Mosnsnur  of  Belfdum-lhiUo). 
1>.  ExoHtosps  (scapula  of  Trlceratops) . 

10.  (ilt;nntiNm  (hyperostosis  In  Nothosnur). 

11.  O»t0i>periostltiK  iliumerux  of  Mosniwurl. 
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V.  Fm^ures: 

12.  Skull  In  Uystrlotiueliiu  (Trlatislc). 

13.  Obltqne  fracture  la  bumerus  of  Hfpacrosaurua  and  subperios- 

teal abscess. 

14.  Simple  fractnre  In  rib  of  Dinosaur. 

19.  Practare  (?)  of  tall,  accompanied  by  osteomyelitis. 

Presence  of  Bacteria 

Tliis  array  of  fifteen  pathological  results  is  indeed  a  startling  one.  I 
du  not  say  that  thie  is  all  tlie  pathology  of  the  Mesozoic,  but  it  is  all  I 
Itave  3een  or  heard  described,  and  serves  merely  as  a  basis  for  future 
knowledge.  This  array  of  diseased  members  argues  for  a  long  preceding 
history  of  pathology  of  which  we  are  largely  ignorant.  The  necroses  and 
arlhritidea  argue  for  the  presence  of  Mesozoic  pathogenic  bacteria  of 
tarious  types  which  are  otherwise  unknown,  although  bacteria  have  re- 
i-eiitly  been  seen  by  me  in  an  osteomyelitis  from  the  American  Permian. 

Nature  of  Evidence 

It  will  be  more  satisfactory  to  discuss  briefly  the  evidence  on  which  the 
nlwive  classification  is  made : 

I.  Arthritides;  This  is  a  group  term  used  to  define  all  pathological 
nviilts  found  in  or  around  the  joint  surfaces  of  the  limbs,  vertebne,  and 
^kull.    The  lesions  are  the  result  of  a  great  variety  of  diseases. 

1.  Spondylitis  deformans:  This  la  a  type  of  pathology  found  around 
the  articular  surface  of  tbe  vertebrte.  It  is  tbe  result  of  laflammatlon 
In  tbe  vertebral  ligaments,  caused  either  by  Infection  or  Injury.  It  ac- 
companies Fott'a  dlseane  (vertebral  tuberculosis)  and  may  cause  a  com- 
plete rigidity  of  the  spine.  CoossiQed  vertebne  are  often  Indications  of 
this  form  of  pathology.  The  united  caudals  of  Dipladocui  described  by 
Hatcher  ond  Osbom  are  clearly  examples  of  this  type.  Other  coosslfied 
vertcbm  In  tbe  dinosaurs  are  due  to  dllTereiit  causes.  Thus  the  cooBsi- 
Bed  caudals  of  Brontoaaurus  mounted  In  the  Carnegie  Museum  Is  not 
Spondylitis  deformans,  but  osteomyelitis.  Spondylitis  deformans  has  n 
curiously  satisfactory  geological  history,  being  known  In  tbe  Comancb- 
ean,  Cretaceous,  Eocene.  Miocene,  sbundantly  In  the  Pleistocene,  and 
very  common  In  the  Recent  epoch. 

2.  Multiple  arthritis  (Rheumatoid):  This  form  of  pathology.  Involv- 
ing the  great  toe  of  a  large  Kansas  Mosasanr,  Is  the  only  fossil  example 
known  to  me.  This  Is  a  sort  Of  Mosasaurlan  gout  or  rheumatism  which 
must  bave  caused  the  old  fellow  some  Inconvenience. 

3.  Arthritis  deformans:  Only  two  examples  of  this  form  of  pathology 
ore  known  to  me,  both  necompanying  other  pathological  lesions.  The 
articular  surfaces  are  only  slightly  deformed. 
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II.  Tumora :  These  pathological  growths,  neoplaams,  are  not  due  to  a 
definite  infection  and  arise  from  preexiating  tisBues.  Only  two  examples 
of  tumors  are  known  during  the  Mesozoic. 

4.  Osteoma:  Seen  on  tbe  dorsal  vertebne  of  a  Kansas  Cretaceow 
Mosasaur.  Not  to  be  confused  with  a  hypapophysls,  but  Is  a  tme  oul- 
growth  of  tbe  vertebra. 

5.  Mipmangloma :  This  bas  been  previously  described  and  appears  tu 
be  a  true  tumor.  It  occurs  between  two  caudal  vertebrte  of  a  Comancb- 
ean  Dinosaur. 

III.  Nocrosos:  These  are  the  definite  result  of  bacterial  or  other  infec- 
tion. The  various  types  can  not  be  distinguished  in  a  fossil  condition. 
There  are  numerous  examples  known. 

6.  Necrosis  with  hyperphisla  Is  present  In  tbe  Ilium  of  Camptosaurus 
iti  the  U.  S.  National  Museum  and  In  a  Mosasaur  radius  belonging  to 
tbe  University  of  Kansas. 

7.  Carles  Is  not  common  among  fossil  vertebrates,  altbougb  E>ollo 
gives  an  example  of  It  In  tbe  mosasaurs,  and  Leldy  and  Hermann  have 
described  It  In  tbe  American  mastodon.  I  have  never  seen  an  example 
of  fossil  deotal  carles. 

IV.  Hyperostoses:  These  are  thickenings  of  bone,  taking  the  form  of 
outgrowths  not  classified  in  the  preceding  groups. 

8.  Alveolar  osteitis,  the  result  of  pyorrhea.  I  have  never  seen  in  Mfsii- 
7,olc  fosslti^,  ;(ltboui!li  Dollo  lias  dcMcrllied  It  In  ii  CretBceouw  Mt>sns:iiir. 

II.  Exostiises  Hre  fairly  common  and  iisMume  a  variety  of  forms. 

10.  The  patliolciny  of  Clgantlsm,  or  extreme  osseous  h\i>eri>l'"'la.  is 
suggested  by  VoIk  and  AM  os  an  exjilaniitioii  of  cerlnln  byp<Ttropliie.l 
Nolbosaur  and  0sb  lioties. 

11.  nsteojierloslitls:  nils  Is  a  itiiigdosl.'j  iiMslpupd  as  the  ciiiise  of  the 
pathoU«icjil  exiTOsrctni's  focii  in  ii  Ci-etiiivous  Mosasiuir  from   l^iio'uis. 

V.  Fractures  are  of  a  variety  of  tyjics,  dc[H'iiding  on  the  situation  ami 
tlie  iki-ni'  of  itallu.lofry  iTiv(.lv<.'<i. 

•=.sl('    MystriosuelniM   reported    hy    ion 
i<ir  |.i  riLc  nares. 
ii'Inrc  Willi  suliiH-rUisteal  ai)scesM  seen   In  the  humerus 
s  ill  till'  .\nirili;ni  .Museum.    A  common  form  of  path.il- 

lniil;;e  of  1mh»>  iireseiit  In  the  fossil  humerus  Is  due  in 
lie  iM'ciosteiiiM  liy  .m  pnormoiw  ahscess  capable  of  h.Ud- 

nf  Iluld. 

■tnrc.  i-ommiinesi  r.vpo  of  fiacture  among  fossil  animals. 
he  iiidutiliMl  skeleton  r)r  A|i(itosuurus  In  Fiel<l  Museum. 
I  tall  of  11 11.1  It  I  Ml  urns  with  nsie<™yelltis. 
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limitations  of  pbbsbnt  knowledge  d'zo 

Patholoot  op  Beftiles 

It  will  be  apparent,  especially  to  those  interested  in  other  lines  of 
pnleontological  research,  that  the  above  discussion  relates  entirely  to  the 
fossil  reptiles;  and,  indeed,  I  know  no  other  Mesozoic  patiiology.  The 
Mesozoic  fishes,  amphibians,  birds,  mammals,  and  hosts  of  invertebrates 
liave  not  been  drawn  on  at  all,  for  the  reason  that  I  know  very  little  of 
pathology  in  these  fossils.  The  title  of  this  paper  should  then  read: 
"The  status  of  disease  during  the  Mesozoic  as  evidenced  by  the  fossil 
reptiles."  It  is  rather  strange  that  nothing  of  pathology  is  known  among 
the  hosts  of  Cretaceous  fishes.  Various  types  of  tumors  are  said  to  be 
oomniou  among  recent  fishes,  but  I  know  of  no  e.xamples  in  the  fossil 
(Viiidition  in  any  age.  This  will  show  us  clearly  how  meager  indeed  is 
our  present  knowledge  of  Mesozoic  pathology  and  what  great  vistas  of 
n'search  are  open  to  us  for  future  exploration. 
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In  jireviuus  papers  rcassons  have  been  given  for  dividing  the  I'robosuidt'a 
into  four  main  super  fa  mi  lies,  as  follows: 

I.  Mtrrilkeriotdra.  typiflwl  by  Marilhrrium,  Oligocpne,  North  Africa. 
[T.  DinolheritHHra,  typlfl«Hl  by  Dinotherium,  Mfowne  and  Pliocene,  Eurasia. 

III.  Mn*lodont<iidea,    typlfled    hy   the   bunomastodonta   and   the   mastodouts, 

Africa,  Eurnnia,  Nortli  and  South  America. 

IV.  ElcphanUiidea.  typlfled  by  Ihe  steKodonts,  loxuduiitK,  elephants,  and  mam- 

motbii,  Afrlen,  Eurasia,  North  Ameriea. 

'  SIinuKiipt  received  bj  the  Secri'lsry  of  the  Soololy  May  10.  1021. 
This  Is  Ihe  lourlh  paper  of  the  sorlea.  The  Drgl  papt'r.  enllltiMl  "A  lODK-Jawpd  nias- 
luduD  Bkeleton  from  South  Dakota  and  pbylOKeny  at  Ihe  FrabascldfB."  appvared  In  the 
Dull.  Geol.  Soc.  Am.,  toI.  20,  .No.  1.  March.  lOlS.  pp.  133-137,  The  second  paper,  en- 
titled "Bvolntlon.  phylogeny.  and  dasulllratlon  of  the  I'rohonclden."  appeared  in  Amer. 
MiiH.  Vofltaten.  No.  1.  .laniinry  »1,  1021  (insi.  r>14).  The  thlnl  imper  appeared  In 
.Mner.  Mns.  XovllHtes.  No.  1".  Jiinc  !.■).  1021.  under  the  Mile  "Flrsl  Bppearance  of  Ihe 
tnie  maatodon  In  America." 


b/Goo'^lc 


:i28      II.  F.  08BOBN CLASSIFICATION  OF  THB  MASTODON  TO  IDEA 

Ab  clearly  pointed  out  in  the  second  paper  on  tiiis  subject  (OBbonzm, 
1931.  514,  pages  2-5),  these  four  superfamilies  are  clearly  diatingmsb&d 
from  each  other  by  pi^jfoimd  differences  in  the  adaptations  of  the  cuttia^ 
teeth,  namely,  the  first  and  second  pairs  of  superior  and  inferior  incieors 
c-haract«riBtic  of  all  Proboscidea.  The  author  ia  not  prepared  at  present 
to  add  to  what  has  been  said  in  previous  papers  regarding  the  moeritheres 
auil  dinotheres. 

Species 

Continued  observation  of  the  types  on  which  the  species  in  all  parts  of 
tlie  world  have  been  founded  and  of  the  genotypes  from  which  the  geDera 
received  their  designations  is  gradually  bringing  order  out  of  chaos.  The 
synonymy  in  the  47  generic  names  ia  most  difficult  of  solution.  There  is 
far  less  synonymy  among  the  species ;  in  fact,  the  specific  and  subspecific 
stages  are  far  more  numerous  than  has  hitherto  been  supposed.  It  is  not 
proposed  at  present,  however,  to  multiply  the  species;  rather  to  attempt 
to  arrange  the  170  or  more  species  hitherto  described  in  their  natural 
lines  of  phyletic  descent. 

Phyla 

There  are  still  wide  differences  of  opinion  about  tlie  reality  of  the  poly- 
phyletic  division  of  the  Proboscidea.  Such  division  is  still  considered  a 
matter  of  theory,  whereas  it  will  be  shown  to  rest  on  actual  demonstration 
of  a  very  profound  divergence  of  many  lines,  due  to  the  principles  of 
adaptive  radiation,  local  and  continental. 

In  1918  I  divided  the  Proboscidea  into  ten  phyla.  In  1921  I  divide 
them  into  Iweh-e  pliyln.  The  application  of  generic  names  to  these  phyla 
presents  a  very  difficult  problem  in  nomenclature,  on  which  1  am  securinj; 
the  cooperation  and  advice  of  all  tlie  experts  on  this  subject,  especially  of 
such  leading  authorities  as  Allen,  Palmer,  Matthew,  .\ndrews,  and  Schle- 
winger.  The  difficultv  arises  fr<im  llie  fact,  pointed  out  in  my  first  paper, 
that  tlic  generic  names  were  l)n.-;eil  on  species  which  belonged  within  twit, 
three,  and  sonietimi's  four  distinct  pliyhi,  I'cir  example,  the  generic  mimi' 
Ti'lniliyphoilm  Warren,  ]«.">2,  whs  ImsccI  nn  tlie  species  .1/.  latuiens.  M. 
(irrfnu-iisU.  M.  t^irulfiiinix.  iinimals  whirh  iiTtaiuly  belong  to  two  distinr! 
lilivlii — stegodoiitincs  hikI  brevirostrines.  The  same  term.  TelraJojihoiimi. 
was  applied  by  Kiilcimcr  iii  IH.'i"  t"  animals  belonging  to  four  distiuet 
phyla,  namely,  .1/.  Iniii/irox/ri.'  (n  longirostrini').  -V.  lafideiis  (a  stego- 
ilontine),  .If.  muliiim  (iiii  AmiTinin  brevinisirine),  .1/.  arrcrnpnsbi  and 
.1/.  sivaletifh  (tw.i  Kunisiiilie  lirevirostrines).  The  name  Telralophodon 
Kalcoiier  would  ai>]>ly  iidmirablv  to  .1/.  lomjiroslns,  but  unfortunately  it 
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is  preoccupied  by  Warren  for  M.  latidens,  M.  arvernenais,  etcetera,  and 
[liorofore  can  not  be  used. 

Parallelism 

Again  it  is  said  that  there  are  transitions  between  certain  of  these 
phvla;  for  example,  between  the  longirostrines  and  the  brevirostrines  in 
the  Pliocene  of  Europe.  Such  transitions  may  be  observed  in  single 
stractures,  because  the  law  of  parallel  evolution  is  constantly  at  work ;  for 
example,  in  the  family  Bunomaatodontidae  there  are  at  least  four  clearly 
distinct  phyla,  which  we  may  at  present  separate  as  the  longirostrines,  the 
rhynchorostrines,  the  South  American  brevirostrines  {M.  andium,  M. 
humboldfii),  and  the  American  TrUophodon  seriulens  phylum  (unnamed 
at  present).  All  these  animals  arc  united  by  the  common  possession  of 
the  bunomdstodoni  type  of  molars,  composed  of  compressed  inner  and 
outer  lobes,  to  which  Cuvier  applied  the  original  term  "mastodon,"  be- 
tween which  sprang  up  also  single  bunoid  intermediate  cones  forming 
trefoils  {Pkiomut,  TrUophodon),  then  gradually  both  internal  and  ex- 
ternal trefoils,  such  as  are  found  in  the  long-jawed  .¥.  campester  and  M. 
longirostris  and  independently  arise  in  the  short-jawed  M.  kumboldtii. 
Thus  the  internal  and  external  pairs  of  trefoils  develop  by  parallelism  in 
four  separate  lines  of  descent  in  the  phyla  belonging  in  the  new  family  of 
Bunomastodontidie  (Osborn,  1981.  514),  the  phyla  being  united  by  this 
wmmon  family  character  as  well  as  by  the  presence  of  a  broad  enamel 
lianrt  on  the  superior  incisor  teeth.  They  are  still  more  clearly  separated 
from  each  other  by  the  elongation  or  by  the  abbreviation  of  the  jaw  or  by 
tiie  formation  of  a  downturned  or  beaked  jaw. 

It  is  by  this  interpretation  of  the  facts  of  descent,  and  by  the  exclusion 
iif  parallelism,  and  not  by  theory  that  we  reach  the  polyphylctic  sub- 
ilivision  of  the  Mastodontoidea,  as  follows: 

Superfamily,  Mastodontoidea 
Family,  Mastodomid^  Family,  Bunosiabtodonwd*: 

<irlii(lltig  teeth    lopbodont,    no   inter-  Gi-ln<lers  buDomastodont,  with  slnBle 

mediate  cones  or  trefoils ;  all  grind-  rieveloplng  Into  double  trefoils ;  In- 

erf  with  simple  transverse  crests;  lennedlate  grinders,  evolving  from 

Intermediate  grinders  evolving  from  three  Into  four  crests, 

two  to  three  crests.  t'pper   tusks   with    broad,    persistent 

Ixiwer    Jaw    gradually    reduced     In  enamel  band  on  outer  concave  sur- 

length.  face,  abrading  the  lower  tuskH. 

InTerlor  canlnet;,  rouuded  tu»k».  not  lA)wer  tusks  horkontal,  oval  or  down- 

fnnctlonal.  turned,    with    or    without    enamel 
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Superior  canines,   rounded   npcurred  Subfamilies 
tusks,  with  enamel  band  on  convex 

»»t.r  .ort.ce,  ir,au.llr  diuppe.r-  ">  I-""''""""'.    (2)    »lJ«i*«~ 

.  trlnie,   (3)   Serrldentlns,  snbumilj- 
nor.,    (4)    Notorostrlnw,  Bubfamlly 

Subfamily,  Maitodontina  nov.,  (5)  Brevlrostrlttfe. 
<mo&optiyletlc) 

iieuu>4,  I'aUfomattodon,  Ollgocene. 
(jeuuH,  hlagtodtm,  Miocene  to  Plelsto- 


Family,  Bcnoma8TODONTID-« 

The  Longirostrinie  (1)  and  the  Hhynchoroet rinse  (2),  also  the  Brevi- 
rostrinie  (5),  have  been  clearlj  defined  in  previous  papers. 

{3)  The  SerridentirxE  apparently  spring  from  M.  turicense  Schinz, 
1824,  of  the  Middle  Mioc-ene  of  France  and  Switzerland — a  rare  animal, 
probably  because  a  forest  dweller.  The  grinders  are  readily  distinguishi'il 
by  &  prominent  spur  which  projects  from  the  inner  apei  of  the  crests  in 
the  lower  teeth  and  from  the  outer  apex  of  the  crests  in  the  upper  te^'lli. 
It  is  recognized  again  in  the  Miocene  Siwaliks  of  India.  It  appears  again 
in  the  Lower  Pliocene  (Trilophodon  serridens  Cope)  of  the  Clarendon 
beds  of  Texas;  also  in  the  T.  serridens  cimarronis  of  Texas,  represented 
in  the  American  Museum  collection  by  a  hitherto  undescribed  complcli' 
skull,  which  proves  that  this  phylum  belongs  near  tlie  Bunomastodontina'. 
although  the  grinding  teeth  lack  the  trefoils  characteristic  of  that  phylum. 
These  animals  have  usually  been  placed  with  .V.  (aplroides  of  the  loplu'- 
dont  or  mastodontine  phyla  of  France,  They  certainly  possess  eutiin;: 
teeth  of  bunoraastodont  type  and  are  probably  remote  from  the  true 
mastodontines. 

(4)  The  Noloroslrin(e  include  all  the  Central  and  South  American 
brevirostrines,  whieli  are  also  abundant  in  the  Routhn-esteni  rnitf"! 
States — for  example,  Texas  (Blanco  formation),  Mexico,  the  Andean- 
and  the  Pampean  refiions.  They  were  distinguished  in  my  second  pap'r 
as  "The  brevirostrines  of  South  America,"  embracing  the  classic  specie^ 
,tf.  andium  Cuv.,  M.  humboldlii  Cuv, ;  also  .V.  tropicus  Cope  (Valley  of 
Mexico),  M.  successor  Cope  (Blanco  of  Texas).  They  possibly  sprau^' 
from  or  are  related  to  Euhelodon  mornlli  Barbour,  191-'J,  from  the  Loitit 
Pliocene,  Nebraska.  The  fact  that  these  animals  are  not  only  profoundly 
separated  from  the  other  bunoma,*todonts  by  the  progres.«ive  ahbrevisli"" 
iif  the  jaw,  but  that  they  are  the  only  memliers  of  the  great  order  Pn'- 
bavL-idea  which,  so  far  as  known  at  the  present  time,  entered  the  Soutii 
American  continent,  will  probably  convince  relu<itant  paleontologists  iha! 
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[|ipy  (xmntitute  a  distinct  subfamily,  which  may  he  named  the  Notoros- 
trinip,"  or  short-jawed  mafltodonx  of  the  South  Amenoan  rontinent. 
Then;  is  a  very  great  variety  of  form  among  the  ten  njiecies  whicli  have 
lieen  described,  including,  in  addition  to  those  mentioned  above,  JIf. 
bolirianus  Philippi,  M.  chUensis  Philippi,  M.  plaiensis  Ameg.,  M.  rectus 
Ameg.,  M.  argentinus  Ameg.,  and  .V.  superbus  Ameg.  The  two  beautiful 
skulls  in  the  Stockholm  Museum,  referred  to  M.  andium  by  Xordenskjold, 
ilisplay  a  spiral  twist  of  the  tusks — a  feature  quite  unique  among  Pro- 
Iwiseideana, 

Family,  Mastodontid.e 

As  pointed  out  by  Matsumoto,  the  lophodont  Palaomaalodon  of  North 
Africa  is  readily  distinguished  by  the  ahttence  of  intermediate  cones  and 
trefoils,  which  block  the  valleys  in  tlie  contemporary  genus  Phiomia;  its 
frrinding  teeth  are  purely  crested  or  lophodont.  It  is  also  distinguished 
Ijy  its  bilophodont  superior  intermediate  molars,  whereas  those  of  Phio- 
mia are  fully  (rilophodont.  The  lower  intermediate  molars  of  Paltro- 
maxtodon  have  only  two  complete  crests  and  one  small  lobe  representing 
a  third  crest  instead  of  the  complete  third  crest  of  Phiomia,  Thus  they 
have  not  attained  the  trilophodont  stage  characteristic  of  the  genus  Mas- 
lodon,  but  may  lead  into  tliat  stage.  Although  the  skull  is  not  fully 
known,  it  is  relatively  broader  and  shorter  than  that  of  Phiomia.  The 
relative  rarity  of  this  animal  in  both  the  American  Museum  and  British 
Museum  collections  is  also  in  keeping  with  the  theory  that  it  was  a  forest 
ilweller  and  that  its  remains,  like  those  of  all  the  Mastodontinte,  escaped 
fossilization  until  the  true  mastodons  appear  in  enormous  abundance  in 
tile  Pleistocene  forest  formations  of  eastern  North  America. 

It  now  appears  probable  that  the  Mastodontida?  sprang  from  the  genus 
Palcfomastodon  of  the  Ollgocene  Fayiim  deposits  of  North  Africa,  while 
the  Bunomastodontidit!  sprang  from  the  goims  Phiomia  of  the  same  de- 
posits. From  materials  in  the  American  Museum  hitherto  undescribed, 
Matsumoto  has  positively  separated  these  two  genera,  the  species  of  which 
have  been  more  or  less  confused  ever  since  the  original  descriptions  of 
Andrews  of  PaJaomastodon  in  1!>01  and  of  Phiomia  in  1902,  Phiomia 
i"  certainly  ancestral  to  the  Bunomastodontidie  only,  in  fact,  barely  sepa- 
rable generically  from  TrUophodon  anguslidens.  the  typical  longirostrine. 

The  name  Pata-omantodon,  which  has  figured  in  all  the  literature  from 
the  date  of  its  cstahlishnient  to  the  present  author's  preceding  paper 
n!*21.  514),  therefore  applies  only  to  iho  lophodont  type  of  /'.  hfoiineUi, 

•Kroni  the  LatlD  of  Virgil,  "IHJtu^"  a  8niilb»e«t  B-lnfl  ;  Gn-pk.  "Notogira,'"  thp  Soutli 
Aidtrlcan  rrglon. 

XXIIl— Bri,i..  Geii,.  Sim-.  Am..  Vol.  32,  1»20 
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on  which  it  was  founded,  and  can  not  be  applied  to  the  bunomastodout 
genotype  of  Fhiomia,  which  vaa  founded  a  year  later  by  the  same  author. 
There  is  no  question  as  to  the  absolute  phyletic  distinction  between  these 
two  animals,  but  until  the  cutting  teeth  of  Palaomastodon  beadnelM  are 
known  we  can  not  be  sure  that  this  animal  la  directly  ancestral  to  the 
Maatodontidie,  as  would  appear. 

Schlesinger  has  added  several  very  important  examples  of  true  masto- 
dons from  the  Lower  and  Middle  Pliocene  of  Hungary,  to  which  he  gives 
the  name  M.  tapirotdes  americanus.*  The  first  appearance  of  the  troe 
mastodon  in  North  America  is  in  the  Snake  Creek  formation,  Lower 
Pliocene  of  western  Nebraska,  whore  a  few  teeth  have  been  found  by  the 
American  Museum  and  Princeton  parties,  one  of  which  has  been  selected 
by  Osbom  as  the  type  of  Maatodon  maWiewi.'  Its  next  occurrence  is  in 
the  Thousand  Creek  formation  of  Nevada,  Middle  Pliocene,  represenleil 
by  two  posterior  grinding  teeth  in  the  collections  of  the  Colorado  Museum 
of  Natural  History,  Denver,  and  of  ^e  University  of  California,  which 
Osborn  has  made  the  type  of  the  species  Mastodon  merriami,^  in  honoi' 
of  President  Merriam,  of  the  Carnegie  Institution. 

These  teeth,  as  well  as  those  of  the  Lower  Pliocene  of  Hungarj,  are 
readily  distinguished  from  those  of  M,  americanus  by  their  more  bracbyo- 
dont  character;  the  crests  are  low  and  spreading  instead  of  being  tall  and 
narrow. 

StTMUABY 

Kesearch  on  tliis  group  is  still  in  active  progress,  and  from  week  la 
week  the  conclusions  botli  as  to  phylogeny  and  as  to  classification  are 
modified  by  tlie  discovery  of  fresh  or  hitherto  undescribed  material  and 
by  the  more  careful  analysis  of  the  fundamental  characters  of  the  diiTer- 
ent  phyla. 

•Cbaruteri  eiamlued  from  an  Important  unpubllabcd  memoir  by  Proteeior  Scblwlnitr, 
orlglDat  pbotacrapba  of  which  wrer  klndlj'  forwarded  to  the  present  >atbor. 

'Amer.  Mub.  Novltstea,  No.  10.  Jnne  IS.  1S21.  ImnwdlatFlf  after  the  pnbllmloii  «( 
this  paper  tbe  author  learned  that  the  type  o(  Uattodon  merrUiml  occurred  Id  bed*  »! 
MIdille  lliocene  age.  which  mafaes  It  geoloElcaU}'  older  than  Uatlo'lon  mallheiei. 
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It  is  unnecessary  for  the  speaker  to  apologize  for  tlie  iu completeness 
iif  this  summary  paper,  for  within  the  limits  of  time  at  his  disposal  no 
ii'lcquate  treatment  can  be  attempted.'  Simply  an  attempt  has  been  made 
til  set  down  in  coherent  form  the  main  points  which  should  be  in  the  mind 
iif  fvery  one  who  is  attempting  to  determine  the  climatic  environment  of 
H  fofJdil  form  or  a  group  of  fossil  forma  found  in  any  definite  bed. 

The  criteria  suggested  in  this  paper  for  the  determination  of  the  cli- 
matic environment  are  not  such  as  might  rationally  be  figured  out  in  an 
office  chair,  but  are  such  as  have  been  used  by  the  author  in  the  6eld  and 
are  proven  to  be  practical.  Much  that  should  be  revealed,  from  all  con- 
siderations of  theory,  is  commonly  hidden,  for  one  reason  or  another,  as 
every  field-worker  knows,  but  certain  things  can  always,  or  generally,  be 
observed  and  checked  in  the  field  and  the  laboratory. 

Categories  of  Critekia 

The  criteria  for  the  determination  of  the  climatic  environment  can 
t-afiily  be  placed  in  two  categories,  the  organic  and  the  inorganic.    In  the 

■  UanuBcript  recelTed  b;  tbe  Secretarr  ar  tbe  Society  March  3.  1921. 
ThU  paper  ia  one  of  s  Berles  composlog  a  "SfrnpoBlum  on  criteria  and  nietboda  em- 
plnyed  Id  ptileoDtologlcal  reaearcb." 

'Tbe  *ab]e«t  of  tbe  Interpretation  of  Bedlmeatary  beds  baa  liecn  dlacuBwd  at  aoine 
length  by  the  aattiar  in  Publlcallon  Number  283  of  the  Carnegie  InatltutloD  of  Wasb- 
iDgtoD.  wbere  an  attempt  baa  beeo  made  to  iDdlcale  bow  Dot  only  tbe  climate  hut  otber 
vDvlronmental  factors  ot  past  lite  can  t>e  made  out. 

(3.^3) 
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iirtit  group  belong  all  tlie  suggeetiuus  which  come  from  tin:  animals  tlicm- 
selves,  with  al)  the  hints  that  come  from  their  various  adaptations  and 
specializations.  To  this  is  added  the  important  evidence  of  the  associa- 
tion of  various  plants  and  animals  in  the  same  bed  and  in  the  same 
localitv.  In  the  second  group  belong  the  sediments  of  the  inclosing  beils, 
with  the  facts  of  their  physical  condition  and  mode  of  deposition,  the 
factj!  of  their  original  or  altered  composition,  the  nature  of  the  cementing 
material,  and  the  poesible  changes  subsequent  to  deposition. 

Tlie  first  point  in  any  determination  is  the  recognition  of  the  fact  that 
most  vertebrate  fossils  lie  buried  in  sediments  which  do  not  represent 
directly  the  normal  habitat  of  the  animals.  The  sea-bottom  was  not  the 
habitat  of  the  free  swimming  forms,  nor  were  the  muds  and  sands  of  ii 
swamp,  a  lake,  or  a  river  iHittom  the  home  of  terrestrial  animals.  Only 
for  such  forms  as  normally  lived  in  the  actual  area  of  deposition,  as 
bottom -dwelling  or  palustral  forms,  ran  subaquatic  sediments  be  inter- 
preted as  reflecting  directly  the  climatic  conditions  during  life.  .lu  al- 
most every  case  the  inclosing  sediments  have  been  transported  from  i 
terrestrial  or  semi -terrestrial  position  and  laid  down  again  after  more  or 
less  profound  changes  due  to  erosion  and  transportation. 

Inoroanic  Cditkria:  Ciiakacter  of  Seuimknts 

Primarily,  then,  the  worker  must  determine  whether  the  remains  lie  in 
^sediments  which  directly  reflect  the  environment  <ir  whether  they  are 
sediments  which  have  been  derived  and  transported  from  the  area  of  the 
environment,  and  they  can  only  be  correctly  interpreted  after  the  changt-j; 
inherent  in  such  derivation  and  transportation  have  been  reckoned  with. 

The  changes  which  oi'cur  in  derived  sediments  belong  in  the  categori' 
of  inorganic  criteria.  It  is,  perhaps,  not  usually  expected  that  the  stu- 
dent of  animal  morphology  will  be  familiar  with  the  tenets  of  physioj!- 
raphy,  or  that  he  should  be  conversant  with  the  princi|)les  of  metanior- 
phism,  but  the  paleontologist  of  ttxlay  is  rarely  so  limit*'d  in  his  outlook 
that  he  is  content  with  the  mere  description  of  new  forms  or  with  ban' 
anatomical  comparisons.  Itather  he  is  a  paleogeographer.  who  actj<  on 
the  principle  that  geography  is  the  study  of  the  response  of  the  organism 
to  its  environment,  whether  he  subscribes  to  that  definition  or  not.  He 
is  niu<'h  more  interested  in  the  factors  which  influenced  the  evolution  i>f 
an  animal  or  a  grouji  than  he  is  in  the  direct  evidence  of  evolution.  Fur 
one,  the  author  has  found  it  wise  to  keep  Van  Ilise's  Treatise  on  Mfta- 
morphism  and  Clark's  Data  of  fJeoi-lieniistry  within  short  reach  when  lie 
is  engaged  on  a  problem  of  vertebrate  paleontology,  and  he  has  found  it 
cijually  wise  to  have  some  good  treatise  on  physiography  close  to  bis  hand. 
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It  is  obvious  that  the  first  Buggestioii  of  habitu  aiiii  environment  muRt 
(•orae  from  the  morphology  of  the  animals  themBeUes,  hut  it  is  equally 
obvious  that  any  natural  collection  of  vertebrate  fossils  must  be  due  to 
unnatural  conditions  or  processes  of  accumulation.  If  we  are  dealing 
witii  animals  of  terrestrial  habit,  the  concentration  of  their  remains  in 
Imnc  beds  or  in  such  quantities  witliin  any  restricted  area  that  they  may 
lie  profitably  exploited  by  the  coltoct<)r  will  h*;  due  to  one  of  two  condi- 
tions in  alniost  every  case;  either  they  have  been  (gathered  together  by 
riirrents  of  water  after  death,  or  they  have  ln'cn  osercomc  by  some  catas- 
trophe in  the  spot  where  the  remains  oc-ciir.  In  eitlier  case  the  interpre- 
tation of  the  climatic  environment  is  sulficiently  difficult,  but  it  is 
certainly  more  difficult  in  the  usual  <!asc,  where  tlie  remains  have  been 
concentrated  by  currents  of  water  after  death,  for  here  tlie  sediments  are 
not  in  their  original  position  and  their  history  must  be  read  before  the 
animal's  habitat  can  be  made  out.  The  obsener  must  have  in  mind,  tirst, 
tiie  phvsical  and  chemical  changes  due  to  erosion  and  transportation,  and. 
second,  the  changes  which  have  taken  place  since  the  time  of  deposition. 
These  are  problems  for  the  geochemist  and  the  geophysicist,  but  the  pale- 
ontologist must  for  the  time  assume  these  tasks  or  leave  the  problem 
unsolved. 

Unaltered  Sediments 

Consider  first  the  possibilities  of  interpreting  tlie  sediments  on  the 
Hssumption  that  they  have  not  been  altered  since  their  deposition.  It 
must  first  be  determined  whether  they  are  lacustrine,  palustrine,  fluvia- 
tile,  littoral,  or  what-not.  The  tie  termination  of  the  character  of  the  re- 
iviving  basins  of  any  area  carries  in  itself  far-reaching  implications  in 
regard  to  the  climate.  Next  the  olraerver  turns  to  the  physical  condition 
of  the  sediments.  The  sizes  and  conditions  of  the  grains  and  pebbles  will 
tell  of  the  volume  and  velocity  of  the  transporting  bodies  of  water  which 
liave  home  the  material  fn>m  the  land  or  in  whose  course  it  has  been  laitl 
down.  A  little  careful  study  will  generally  reveal  whether  the  floods 
have  been  regularly  recurrent  or  whether  they  have  been  sporadic.  Wind- 
blown sand  is  not  uncommon  in  many  subar|ueous  deposits  and  its  nature 
may  be  determined  by  microscopic  examination.  .All  these  things  reveal 
the  climate. 

Xow  the  chemical  and  minerahigical  character  of  tlie  sedimentj*.  Even 
in  the  most  altered  sediments  stmie  portion  will  generally  remain  suffi- 
ciently unchanged  to  reveal  the  character  of  the  dominant  rocks  of  the 
land  from  which  they  were  derived.  If  the  land  was  dominantly  hard 
rock,  the  history  of  the  eroded  and  transported  sedimeni«  will  be  very 
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different  from  that  of  sediments  derived  from  a  Land  of  softer  rocks. 
Obvionfily  coarse,  angular,  or  eemiaogular  grains  or  pebbles,  loosely  piled 
and  witii  the  original  minerals  little  changed,  tell  of  rapid  erosion  and 
transportation  b;  active  streams,  and  if  such  beds  are  recurrent  at  fairly 
regular  inteirals  the  suggestion  is  of  a  humid  climate  with  regular  alter- 
nations of  wet  and  dry  seasons.  If  similar  beds  occur  aporadically,  the 
suggestion  is  one  which  will  occur  to  every  observer  who  has  worked  in 
an  arid  or  semiarid  region,  where  infrequent  but  violent  storms  occur 
between  long  intervals  of  drouth. 

If  the  material  derived  from  a  land  of  hard  rocks  is  thoroughly  decom- 
posed, it  tells  of  a  land  where  the  eroded  material  lay  long  as  a  part  of 
the  residual  soil  in  a  climate  of  at  least  sufficient  humidity  to  permit 
active  chemical  action  by  COj  derived  in  large  part  from  decaying  vege- 
tation. 

If  the  sediments  were  deposited  on  the  Uttontl  of  a  lake,  on  a  great 
delta,  on  a  river  floodplain,  or  in  the  bed  of  an  overloaded  stream,  their 
chemical  composition  and  the  nature  of  the  cement  gives  a  good  idea  oi 
the  prevailing  height  of  the  water-table,  and  this  in  turn  reveals  the 
general  condition  of  humidity  at  the  time.  With  a  high  water-tahle,  the 
deposited  minerals  and  the  cement  will  be  largely  sulphides,  hydrates, 
and  the  lower  oxides;  with  a  low  water-table,  there  is  possible  a  circula- 
tion of  air  and  oxygen-bearing  waters,  and  the  minerals  will  be  sulphates, 
carbonates,  higher  oxides,  and  even  water-soluble  salts  in  large  quantik. 
The  condition  is  revealed  in  part  in  the  coloration  and  the  texture  of  th? 
beds  as  well  as  in  the  minerals  themselves.  The  minerals  of  the  latter 
series  are  less  bulky  and  less  firm  in  mass  than  the  former  and  permit  the 
presence  of  cracks  and  cavities. 

.^LTEBED  Sediments 

If  we  assume  the  more  difficult  alternative,  that  the  sediments  have 
been  altered  during  the  long  time  since  their  deposition,  we  must  reckon 
with  the  profound  changes  due  to  the  infiltration  of  migrating  waters  or 
the  drainage  of  the  beds  and  the  consequent  changes  due  to  oxygenation. 
Such  changes  are  not  usually  so  profound  as  to  obliterate  all  traces  of  the 
original  condition,  and  ho  the  process  may  be  detected.  The  migration 
of  waters  into  sediments  laid  down  under  arid  conditions  tells  their  stori 
in  the  presence  of  casts  of  crystals  of  water-soluble  salts  or  paeudomorplix 
after  such  crystals,  in  the  increase  of  bulk  by  hydration  and  the  conse- 
quent disturbance  of  the  beds,  and  in  the  deposition  of  minerals  in  the 
original  cracks  and  cavitieii.  Drainage  and  desiccation  of  the  beds,  orlsri- 
iinlly  water  soaked,  leaves  its  own  peculiar  record. 
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The  climatic  factor  of  temperature  is  far  less  readily  determined  tliau 
that  of  humidity.  Qlacial  conditions  in  their  extreme  development  arc 
dctenninable  in  the  character  of  the  deposits.  The  oncoming  of  a  glacial 
climalc  is  only  to  be  argued  from  more  obscure  bits  of  evidence  of  a  gen- 
eral character,  as  progressive  elevation  and  perhaps  increasing  aridity  due 
to  the  elevation.  But  here  the  location  of  the  area  with  regard  to  barriers 
to  the  prevailing  wind  must  be  considered.  On  the  whole,  this  phase  of 
the  evidence  is  not  satiafactory. 

More  positive  evidence  of  the  temperature  may  be  gained  from  the 
plant  remains,  if  it  is  certain  that  they  are  in  the  region  of  their  true 
habitat.  We  have  some  definite  information  of  the  relation  of  the  habit 
of  growth,  shape  of  leaves,  etcetera,  to  temperature  which  is  usable. 

Dare  we  hope  that  some  time  a  sufficiently  definite  determination  of 
the  relation  of  climate  to  periods  of  volcanic  activity  will  be  made,  bo  that 
W(  may  show  some  relation  between  the  animals  buried  in  showers  of 
volcanic  ash  or  inclosed  in  sediments  of  volcanic  origin  and  their  climatic 
environment  or  the  climatic  environment  of  their  immediate  successors? 

Oboamic  Criteria 

The  inorganic  record  of  past  climate  is  only  a  portion  of  the  story.  It 
has  generally  been  assumed  that  plants  are  the  best  indicators  of  climatic 
'-"nJitions,  because  of  their  relative  immobility;  but  it  is  the  nature  of 
plant  material  to  float,  and  plant  remains  may  be  transported  a  great 
'listanec,  and  even  into  regions  of  a  radically  different  climate,  before 
they  find  their  final  resting  place.  Again,  the  occurrence  of  aquatic 
plauts  in  an  arid  region  would  Iw  a  surprise  only  to  those  who  are  un- 
lamihar  with  such  regions.  Kaeli  water-hole,  seep,  or  spring  is  bordered 
with  water-loving  plants,  and  the  water  is  fre(|ueiitly  filled  with  a  lusty 
jiroffth.  These  are  juat  the  places  where  animal.-<  of  au  arid  region  would 
■^iigregate  and  when'  their  remains  would  be  found  when  they  finally 
"lircd  down  or  were  swept  together  after  death  by  wat^-r  currents.  It 
"ould  be  strange  error  to  interpret  the  climatic  environment  of  a  bison 
"fa  Pronghorn  buck  from  the  remains  of  an  aquatic  or  semiaquatic  vege- 
tation which  grew  iii  tlie  mire  of  their  final  resting  place.  How  easily 
*uch  an  absurd  mistake  might  be  made  is  left  to  the  imagination  of  every 
wtlector.  One  check  is  fairly  certain  if  the  collector  knows  how  to  han- 
dle his  material; — the  stomata  of  plauts,  either  aquatic  or  terrestrial, 
"'  an  arid  region  are  all  well  protected,  for  there  is  one  common  contnil 
'"  the  complex,  and  that  is  the  drying  winds.  Even  here  the  worker  must 
'^member  that  aquatic  plants  of  stagnant  water  bodies  have  protected 
stomata. 
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It  is  natural  that  the  author  of  this  paper  should  recall  instances  in 
point  from  the  remains  of  animals  which  dwelt  on  or  near  the  flats  of 
great  streams  or  lakes,  and  one  clear  illustration  of  what  may  be  learned 
from  a  study  of  the  association  of  forms  in  the  beds  occurred  in  the  ex- 
perience of  a  recent  collecting  trip  in  'tiie  Tiiassic  of  western  Texas. 
Here  an  abundance  of  remains  of  Phytosaurs  and  Stegocephalians  wa* 
found.  It  is  commonly  assumed  that  these  animals  were  at  least  semi- 
aquatic  in  habitat,  but  every  collector  is  impressed  with  the  fact  the  w- 
maius  are  not  found  in  their  natural  habitat,  and  the  interpretation  of 
their  environment  has  been  uncertain.  Last  summer  such  forms  were 
found  in  beds  of  hard  clay  and  in  beds  of  clay  highly  charged  with 
gypsum,  but  frequently  dissociated  bones  were  found  in  old  streams  or 
current  channels.  In  one  place  a  bed  of  Unioa  was  found  associated  with 
water -worn  bones,  and  in  such  a  channel  a  tooth  of  the  genus  Ceraiodat 
was  found,  the  first  reported  occurrence  of  this  genus  in  the  Triassic  of 
North  America,  so  far  as  the  author  has  been  able  to  determine.  The 
climatic  habitat  of  the  Dipnoi  is  well  known,  and  it  is  not  to  be  doubted 
that  the  fossil  forms  were  similar  in  habits  to  the  surviving  members  of 
the  group.  We  may,  tlien,  be  pretty  certain  that  the  Phytosaurians  and 
Stegocephalians  of  this  locality  lived  in  a  climatic  environment  not  unlike 
that  of  western  Australia  or  the  region  of  the  Nile. 

So  it  is  that  the  student  of  paleogeography  must  know  the  physiography 
of  the  place  and  the  time,  the  physiographic  changes  tlien  at  work,  the 
original  and  altered  character  of  the  sediments,  and  the  association  of 
organic  forms,  and  from  these  be  can  make  an  approximate,  at  least,  de- 
termination of  the  climatic  environment  of  the  forms  which  he  exhunn'S. 
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The  Phoblem  Stated 

AVIicn  the  question  ia  asked,  "How  doea  one  arrive  at  the  conclusion 
that  there  are  fossil  faunas  of  Atlantic  or  Pacific,  European,  Asiatic,  or 
South  American  origins!'"  we  paleontologists  are  guided  in  our  answer 
hy  the  principles  made  use  of  by  zoogeographers,  the  students  of  the  con- 
tinuous or  discontinuous  distribution  of  living  animals.  We  know,  for 
example,  that  at  present  humming-birds  are  to  be  found  only  in  America, 
and  chiefly  in  Central  and  South  America;  that  mammals  with  solid 
horns  or,  better,  with  antlers  are  common  to  all  the  Northern  Hemisphere, 
Imt  that  those  with  hollow  horns,  like  the  antelopes,  are  in  greatest  abun- 
ilance  in  Africa  south  of  the  Saliara  Desert.  Africa  is  also  known  for  if* 
elephants,  giraffes,  rhinoceroses,  hippopotami,  lions,  monkeys,  and  apes; 

'  Manuscript  recelvnl  by  Ihe  S^trpliirj'  of  the  Soclflj  March  3,  1921. 

Thia  paper  Is  one  of  a  r^xWn  caiiip<mlD|!  a  "Hyropotiium  on  cr1»r[a  and  mplhodB  em. 
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■Read  liy  V.  B.  Trfninils. 


b/Goo'^lc 


340       C.  SCHUCHBRT — MARINE  INVEBTBBRATE   P09SIL  FAUNAS 

and  yet  to  the  east  of  this  land,  on  the  great  continental  island  of  Hada- 
g&Bcar,  none  of  these  mammalfl  are  present,  but  here  we  meet  with  an 
abundance  of  half-monkeys  almost  unrepresented  in  Africa.  In  the  same 
way  we  know  that  in  the  North  Pacific  Ocean  occur  the  fur-aeals,  while 
elsewhere  are  found  the  coarser-haired  forms.  Again,  it  is  to  the  westerc 
Pacific  that  we  go  for  nautilus,  and  to  the  Southern  Hemisphere  for 
penguins. 

In  our  study  of  the  causes  that  govern  the  geographic  distributiou  of 
land  life,  we  soon  learn  that  it  is  very  largely  the  physical  environment 
of  today  that  controls  its  localization.  Temperature,  moisture,  and  alti- 
tude above  sealevel  are  the  greater  factors  in  the  present  control  of  or- 
ganic distribution.  The  animals  of  the  plains  are  not  commonly  found 
in  the  forests,  while  those  of  the  mountains  are  often  localized  at  eleva- 
tions whose  temperature  is  comparable  with  the  latitudinal  ones.  Ly- 
dekker  says,  in  his  well  known  "Geographical  History  of  Mammals": 
"An  excellent  instance  of  this  is  afforded  by  South  America,  where  there 
are  the  open  grassy  plains  of  the  Argentine,  the  denae  tropical  forests  of 
Paraguay  and  Brazil,  and  the  snow-clad  heights  of  the  Andes."  Station 
is  therefore  very  intimately  connected  with  temperature,  and  is  well 
illustrated  by  the  distribution  of  the  llama-like  animals.  Vicunas  and 
guanacos  occur  in  the  high  Andes  of  Peru  and  Ecuador,  but  as  we  go 
fartlicr  south  the  guanaco  only  is  found  on  the  plains  of  southern  Argen- 
tina and  Patagonia,  as  well  as  on  the  island  of  Tierra  del  Fuego,  at  the 
sealevel.  Being  an  animal  which  can  live  only  in  cold  or  temperate  cli- 
mates, it  finds  suitable  conditions  for  its  existence  in  tropical  latitudes 
solely  at  a  height  of  many  thousands  of  feet,  although  fartlier  south  it  is 
able  to  thrive  at  sealevel. 

While  temperature  and  moisture  are  the  present  dominant  controls  in 
the  distribution  of  life,  we  learn  from  Alfred  Russel  Wallace  that  when 
an  English  naturalist  is  collecting  in  Japan  "he  sees  so  many  familiar 
natural  objects  tliat  he  can  hardly  help  fancying  he  is  close  to  his  hotne." 
And  yet  between  tlie  two  countries  there  lies  a  continent  with  a  wholly 
dissimilar  flora  and  fauna.  In  this  we  get  a  hint  of  an  intermediate  area 
with  a  changed  environment  and  a  former  continuous  distribution  of  life 
now  more  or  less  restricted  to  western  Europe  and  Japan,  On  the  otlier 
hand,  when  Hoosevelt  was  hunting  in  east-central  .\frica  he  was  con- 
stantly reminded  of  the  fact  that  the  mammal  world  there  had  its  closest 
relationship  to  those  of  other  lauds  during  the  Pliocene.  From  these 
statement^!  it  appears  that  while  the  present  distribution  of  plants  anil 
animals  is  largely  controlled  by  temperature  and  moisture,  yet  back  of 
those  factors  lies  the  greater  one  of  geographic  migrations,  which  in  turn 
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has  been  largely  determined  by  the  climatic  variationB  and  the  geologic 
(h&nges  of  the  past. 

Vt'e  all  DOW  know  that  geologic  time  ia  very,  very  long;  and  yet  if  tiie 
l>resent  geographic  relations  and  topographic  form,  combined  with  the 
present  climates,  were  to  remain  unchanged,  it  is  thought  that  there 
would  result  almost  no  organic  evolution.  In  other  words,  with  the  pres- 
I'Ht  environment  retained  and  in  the  absence  of  the  destructive  tendencies 
of  man,  the  organic  world  of  today  would  continue  almost  unchanged. 
However,  we  geologists  know  that  the  earth's  land  surface  will  not  long 
remain  as  it  is  today.  The  beautiful  mountains  flow  piecemeal  down  the 
rivers  into  the  seas  and  oceans,  and  thus  extend  the  land  areas,  but  peri- 
odically the  land  surfaces  are  raised  high  into  the  atmosphere,  through 
whose  agencies  they  were  again  and  again  destroyed.  In  consequence  of 
fliese  geologic  changes,  the  climates  and  environments  are  repeatedly 
ciianged,  and  new  routes  of  organic  migration  are  established  tlkroi^h  the 
making  of  land  bridges  which  unite  the  continents,  or  the  latter  become 
(liHmembered  through  down-sinkinga  of  the  land  areas  and  thus  open  up 
new  marine  portals.  In  the  one  case,  the  life  of  the  land  spreads,  while 
tliat  of  the  oceans  is  localized;  and  in  the  other  it  is  just  tlie  reverse 
I'ondition  which  obtains. 

Fadnal  Radiation 

If  all  the  species  of  a  fauna  were  restricted  to  a  radiation  of  at  most 
one  or  two  hundred  miles,  it  would  be  exceedingly  difficult  to  work  out 
zoogeographic  provinces  and  realms,  and  in  stratigraphy  the  faunal 
realms  probably  could  not  be  ascertained  at  all  because  of  our  present 
scattering  paleontologic  knowledge.  Since,  however,  at  least  5  per  cent 
of  living  marine  invertebrates  have  coastline  ranges  of  from  5,000  to 
upward  of  10,000  and  even  15,000  miles,  and  since  about  60  per  cent  of 
bottom-dwelling  forms  have  ranges  of  between  2,000  and  3,000  miles. 
this  variably  wide  distribution  shows  with  certainty  that  the  provinces 
and  realms  of  the  geologic  past  can  also  be  ascertained. 

It  is  this  variable  range  of  most  of  the  marine  invertebrates,  and  the 
additional  fact  that  nearly  all  organisms  are  changing,  some  very  slowly 
or  seemingly  not  at  all  and  others  faster,  that  enable  paleontologists  to 
work  out  the  times  of  their  geologic  origin,  duration,  and  vanishing. 
Organic  evolution  is  in  the  main  progressive  and  in  the  direction  of 
greater  complexity,  though  a  small  per  cent  of  the  species  are  stationary 
or  even  regressive;  and  yet,  in  all  this  change,  no  species  or  genus  is  re- 
jieatcd  in  time.    These  facts  indicate  that  fossils  can  be  depended  on  in 
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ttio  correlation  of  formations,  and  that  the  greater  half  of  the  faunas  will 
radiate  as  far  as  the  oceanic  overlaps  can  spread  over  the  continents. 

Faunal  Provinces  and  Kealus 

K.lff/.l'  PALEOZOIC  PROVISCES 

?Tow  let  us  turn  to  tlie  marine  invertebrate  biotas  and  pick  out  some 
of  the  well  aseertainetl  faunas,  to  see  how  tliey  group  themselves  intu 
realms  and  j)rovin<i'M.  At  the  very  beginning  of  the  Paleozoic  is  i/owi 
Cambrian  time,  with  its  worht-wide  OleueUus  adsemblagea.  In  additioii 
to  this  genus,  it  is  characterized  by  the  jwrplexing  Archseocyatliina'— 
reef-making  ctelenterates,  if  such  they  are.  In  other  words,  we  do  noi 
see  at  this  time  clearly  differentiated  fauual  provinces,  but  only  one  rtaim 
common  to  all  the  oceans. 

Ill  tlie  Middle  Cambrian,  however,  the  faunal  story  is  very  dilTereiit. 
Now  the  worldV  marine  waters  arc  of  two  realms,  a  North  Atlantic  one. 
with  the  trilobito  genus  Paradoxideit,  and  a  North  Pacific  one,  with  wv- 
oral  genera  of  large- tailed  trilobites — the  Baihi/urisnis  realm — commoTi 
to  western  Nortli  America  and  China.  These  large-tailed  trilobites  li" 
not  get  into  North  Atlantic  waters  until  Upper  Cambrian  time. 

In  18G3  James  Hall  described  the  Upper  Cambrian  biotas  of  Wisconsin 
and  Minnesota  and  ac(|uaintcil  ns  with  many  forms  of  trilobites,  tliougli 
ill  II  ratiicr  fragnu'iitcd  coiidition.     Unter,  more  genera  anii  s]«'cies  wori- 
addcd  by  otlicr  pnlc.iitoli.gisls.  from  Texas  and  the  RcK'ky   Mountains. 
For  a  liHig  time,  iinwcvcr.  no  fiunial  similarities  with  other  (imtiiiHii^ 
were  s*^!!,  hecausi'  of  rUe  sliglit  kiiowicilgc  llien  at  hand   relating  to  tin' 
world's   ('anil>riHii    Hsscnil>higcs.      In    iss:!    the   (icrnian    paicoiitolti^ii'i 
Diimos  .lcs.-rilie<l  a  few  Ciiniiiri.iii  trilohitcs  collcetcd  in  caslcrn  Chiiia  li) 
Von  Hi.'iLtiii.fen.  iiLi.i  for  liic  first  time  ijirc.-ted  attention  to  a  fauiial  n- 
senihlaiiiv  with  Ihcwe  of  ilie  u|)i)ci-  Mississippi  Vailey.     Since  then  kr?v 
«idlcetioiis  have  l.c-n   made   in   Cliiiia   l)y   Blaekwehler  and    rd<iings  fm 
W.iliiiti,  anil  now  it  is  clear  that  hi  Middle  ami  Upper  Cambrian  tinw- 
:';e  North   I'aeifie  (ieeHri  was  a  vast  geneialing  eenter  of  organi<*  evuhi- 
:-.'ii.     From  it  there  spread  frreal  exleiisioiis  of  this  oei'an  over  casleni 
V-:a  and  a.ross  ihe  Uniied  Slates.  aiKJ  in  llM.'.  Walcntt  tells  us  that  many 
ivrors,  either   ideiLtJinl   or  eluselv    related,   are  i-omnion   to    China,  tbi' 
\^v^^  Monnlains.  Texas,  ami  ilie  upper  Mississippi  Valley.     Not  only  i^ 
VTv-   Ik-n-  Ibis  nnninuii    fniimil   expression,   hut   even    the   seipience   ol 
^  -W  ami  Up|H>r  Canilirian  lijc.tas  is  alike  ou  cither  side  of  the  Paeitie 
t'v  ^-;'  the  most  rxpiil  iiml  widest  dispersals  of  marine  invcrtebrute  lif. 
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known  to  stratigrajthy  occurred  during  the  early  Ordovician  in  Canadian 
time — the  almost  world-wide  distribution  of  the  floating  group  of  extinct 
graptolites  closely  related  to  hydroids  and  known  as  the  Phyltograplus- 
Tetragraptus  fauna.  First  made  known  by  Hall  between  1858  and  18G5 
from  material  collected  near  Quebec,  Canada,  it  haa  been  traced  widely 
tliroughout  the  Appalachian  geosyncline,  Arkansas,  Nevada,  Utah,  New- 
foundland, Wales,  Scandinavia,  Belgium,  France,  Peru,  Bolivia,  Aus- 
tralia (Victoria),  and  southern  New  Zealand.  Therefore,  so  far  as  the 
^'raptolite  faunas  are  concerned,  we  again  speak  of  them  as  cosmopolitan 
faunas. 

DfiVO-VM.V  PKOriXCBa 

Lower  Devonian  faunae. — We  will  now  consider  some  of  the  Devonian 
faunas,  since  they  are  well  known  the  world  over,  and,  moreover,  are  re- 
plete with  paleogeographic  information.  The  Helderbergian  faunas  of 
Xew  York  and  the  central  Appalachian  region  were  firnt  described  by 
Hall  in  1859,  and  now  their  total  amounts  to  more  than  450  species  and 
varieties.  The  New  York  development  continues  its  typical  faunal  ex- 
pression through  Pennsylvania  south  into  southern  Virginia,  western 
Tennessee,  and  Missouri,  into  Oklahoma.  Everywhere  it  is  the  life  of  a 
i-aleareous  faeies  and  southern  in  origin.  To  tlie  northeast  of  New  York, 
in  the  Saint  Lawrence  embayment,  the  Hehlerk'rgian  formations  take  on 
a  more  sandy  and  muddy  character,  and  their  biotas,  with  a  large  element 
<if  North  Atlantic  species,  are  known  fnmi  Montreal,  Dalhousie,  Ciasp6, 
and  Newfoundland. 

■Tust  as  there  are  two  Helderbergian  provinces  in  North  America,  so  in 
the  same  way  there  are  two  in  Europe,  and  all  four  are  of  Atlantic  origin. 
The  southern  development,  the  one  in  closest  relationship  with  the  New 
York  Helderbergian,  was  long  ago  described  by  Rarrande,  and  lias  since 
come  to  be  known  as  the  Konieprussian  assemblage,  while  to  the  north  of 
Bohemia  and  the  Pontian  old  land  are  the  German  equivalents  now  called 
the  Oedinnian  faunas. 

These  oldest  I>evonian  faunas  are  characterized  at  first  by  their  many 
Silurian  hold-overs,  but  it  is  evident  that  certain  of  these  elements  soon 
liegin  a  rapid  evolution  into  new  species  and  genera  that  are  heralders  of 
a  new  period  of  time  and  a  new  provincial  assemblage.  Our  correlation 
values  here  are,  among  the  brachiopods,  the  rise  of  many  new  stropho- 
menids,  rhynrhonellids.  spire-ltoarers,  and  primitive  tcrcbratulids;  among 
(lie  gastropods,  the  great  outburst  of  capulids,  must  of  which  attain  to 
large  size;  among  the  cephalopods,   the  rise  of  small  gtmiatites;  and 
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among  the  trilobites,  the  eTolution  among  the  Dalmanitea  (in  Hamman- 
nia,  Corycephaiua,  ProboHum,  and  Odtmtocheile) ,  the  lichadida  {Oicra- 
nurus),  and  the  phacopids.  Since  these  faunas  are  known  on  either  side 
of  the  Atlantic  Ocean,  or,  better,  Poseidon,  we  speak  of  them  as  of  tiie 
Atlantic  realm.  There  is  also  a  Pacific  realm  of  this  time,  but  as  yet  iU 
faimal  elements  are  known  only  in  Nevada. 

AtiatnU  Devonian  realm. — To  understand  correctly  the  very  intcrestiug 
higher  Lower  Devonian  faunas,  we  will  begin  our  studies  in  the  high 
Andes  of  Bolivia.  Here  d'Orbigny  for  the  first  time  in  1842  described  d 
few  fossils,  correctly  referring  them  to  the  Devonian,  and  further  addi- 
tions were  made  by  Morris  and  Sharpe  in  1846,  and  by  Salter  in  1861. 
Finally  the  greatest  additions  to  these  faunas  were  made  by  Steinniann 
and  his  students  A.  Ulrich  (1892)  and  Knod  (1908).  Now  we  know  a 
fauna  of  more  than  100  forms  that  occurs  through  a  thickness  of  about 
3,300  feet  of  gray  or  yellow  micaceous  well  bedded  sandstones  and  dark 
shales.  Its  age  is  of  the  higher  Lower  Devonian,  comparable  with  the 
Oriskanian  of  the  United  States  and  the  Taunusian  and  Cohlenoan  of 
Germany. 

Another  center  of  geologic  endeavor  in  South  America  was  started  in 
1874  by  Professor  Hartt,  of  Cornell  University,  in  his  explorations  of  the 
Amazon  Valley.  His  field-work  on  the  Devonian  of  Brazil  was  furtlier 
extended  by  0.  A.  Derby  between  1878  and  1890,  and  the  faunas  have 
been  described  by  Bathbun  (1874,  1878),  Katzer  (1896  to  1903).  and, 
above  all,  by  J.  M.  Clarke  (1890  to  1913).  The  Lower  Devonian  faunas 
of  Brazil  amount  to  about  7S  species;  for  the  whole  of  South  America, 
however,  including  the  Falkland  Islands,  the  total  is  about  340  fonns 
and  most  of  its  elements  have  been  modernized  by  Clarke. 

The  higher  Lower  Devonian  faunas  are  now  known  from  the  Andean 
region  of  Bolivia,  Peru,  and  Argentina;  from  the  Amazon  Valley  alonj: 
the  rivers  of  Maecuru,  CuruA,  and  Erere ;  from  the  Brazilian  States  of 
ParanA  and  Matto  Grosso,  and  from  the  Falkland  Islands.  A  very  sim- 
ilar fauna  is  also  known  in  the  Bokkeveld  formation  of  southeast  Africa 
and  in  the  Sahara  desert  at  Tasile.  It  represents  the  Leptocaslia  ftaieh 
lUes  realm  of  the  higher  Lower  Devonian,  the  austral  seaa  that  overlappeil 
on  the  old  land  Gondwana.  These  austral  assemblages  are  character i»'il 
by  the  almost  total  absence  of  corals,  echinoderms,  bryozoans,  and  cepha- 
lopods,  with  a  marked  development  of  gastropods  of  the  Belleropkon  ami 
capulid  types,  an  abundance  of  Comilnria,  and,  above  all,  a  great  varietv 
of  peculiar  brachiopods.  The  characteristic  genera  of  the  last-namitl 
class  are  Hipparionyx,  very  large  flat  Clioiiftes,  Eatonia,  Tropulohftii' 
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carinatus,  Leplocalia  fiaheUiies,  Spirifer  of  the  antarcticus  group,  aod 
primitive  but  large  terebratulide  like  Renssel(eria,  Scaphiocalia,  etcetera. 

All  of  these  local  faunas  have  a  common  generic  and  specific  develop- 
ment, aud  because  this  expresEiou  is  quite  unlike  that  of  the  same  age  in 
North  America  and  Europe,  Clarke  has  distinguished  them  as  of  the 
austral  Lower  Devonian  realm,  "as  an  emphatic  distinction  from  the 
boreal  faunas"  of  the  Northern  Hemisphore. 

When  we  examine  into  the  geographic  relationships  of  these  various 
local  faunas  of  the  austral  realm,  it  is  seen  that  those  of  Bolivia,  Peru, 
and  Argentina  are  very  similar  and  more  closely  related  to  those  of 
Faran4  and  Matto  Grosao.  Those  of  northern  Brazil,  however,  are  quit^ 
(lifTerent,  and,  even  though  there  is  here  a  mixed  boreal  and  austral  de- 
velopment, on  the  whole  the  Amazonian  Devonian  is  clearly  o£  the  austral 
realm.  On  the  other  hand,  the  fauna  of  the  Falklanda  is  already  more 
niosely  related  to  those  of  South  Africa,  even  though  they  are  more  than 
4,000  miles  away,  while  it  is  only  1,500  to  3,000  miles  to  the  nearest 
South  American  assemblage. 

The  continent  Oondwana. — Now  let  us  look  into  the  paleogeographic 
significance  of  these  austral  Lower  Devonian  faunas.  The  geography  of 
the  places  recited  shows  them  to  lie  on  or  toward  the  margins  of  an  ex- 
tensive transverse  continent  formerly  extending  from  western  South 
America  across  Brazil  and  the  medial  or  tropical  Atlantic  Ocean  to  east- 
ern Africa,  a  land  that  has  long  been  known  as  Gondwana.  If  there  had 
been  in  Devonian  times  a  tropica]  Atlantic  like  that  of  today,  the  African 
faunas  would  be  very  dissimilar  from  those  of  South  America,  and  there 
would  have  been  developed  two  austral  faunal  realms  instead  of  one,  and 
tliis  through  isolation  and  shallow-water,  migrations  around  two  conti- 
nents instead  of  one. 

Xevertheless,  to  make  sure  of  our  conclusions  that  Gondwana  across 
the  Atlantic  is  a  fact,  and  the  cause  for  the  existence  of  but  one  austral 
Lower  Devonian  realm,  we  get  further  and  complete  verification  in  the 
distribution  of  the  marine  Fennsylvanian,  and  especially  the  Jurassic  and 
Comanchean,  faunas  of  western  South  America.  All  of  these  assemblages 
constantly  have  forms  in  common  with  the  Mediterranean  countries,  and 
chiefly  with  their  southern  or  African  extensions,  while  but  very  few 
forms  indeed  are  in  common  with  the  Indian  Ocean.  Hence  we  see  that 
during  these  times  there  was  no  equatorial  Atlantic,  but,  on  the  contrary, 
that  there  was  a  land  here  along  whose  northern  and  western  strands  the 
shallow-water  life  migrated  back  and  forth.  All  of  this  was  plain  to  the 
great  Neumayr,  who  as  early  as  1885  traced  out  the  distribution  of  the 


D.gitizect.yGoO'^lc 


'Md        r.  SCIIUCHERT MAKINE    INVEHTEBIUTE    fc-OSSlL    FAUXAS 

•lurasflic  animoniteB  and  followed  the  Mediteiraneen  forms  all  along  t 
western  coaBt  of  South  America.  It  was  he  who  accordingly  postulati 
Gondwana  and  illustrated  it  on  his  widely  known  paleogeographic  nw 
of  the  world's  continents  during  Jurassic  time.  Finally  we  may  add  tbj 
it  is  this  continent  of  Gondwana  that  has  most  of  tlie  early  Penuia' 
tillites  widely  distributed  over  it,  and  that  it  was  the  generating  ui' 
dispersing  land  for  the  Gtossopteris-Gangamopleris  flora,  which  alsoil 
tained  peninsular  India,  Australia,  and  even  Antarctica.  Later,  iu  Pei 
liiian  time,  this  flora  reached  the  Northern  Hemisphere  and  gave  rise  i 
the  main  to  the  early  Mesozoic  plant  worlds. 

Boreai  Devonian  realm. — Just  as  tliere  is  an  austral  late  Lower  1*( 
vonian  realm,  so  there  is  a  boreal  one  in  eastern  North  America  aii' 
western  Europe.  The  faunal  developments  in  the  two  provinces  of  thi 
boreal  realm  are,  however,  not  vastly  different,  since  many  of  the  form 
were  able  to  pass  to  and  fro  along  the  easy  migration  route  of  northfn 
(lOndwana  into  the  Mediterranean  lands  and  from  here  along  the  shore 
leading  into  northern  Europe.  Thence  the  Coblenzian  faunas  of  Ger 
many  and  England  spread  as  easily  westward  along  the  shore  of  Eri 
into  the  Saint  Lawrence  emhayment  of  the  North  Atlantic,  or  PoJciiion 
where  Clarke  has  described  these  bifttas  in  Americanized  form  fron 
(iasp^,  Perce,  Dalhousie,  and  Maine,  On  the  other  hand,  the  rout*  o 
migration  from  South  America  direct  to  North  .\merica  was  far  less  eaf? 
for  Ihe  two  vontiiu'Uts  were  long  w|itiriiti'd  liv  the  deep,  nii^litcrritiipan 
like  waters  of  which  the  present  Carrbliean  is  a  niodified  and  rediici^l  ^ 
niiiiiider.  We  now  know,  moreover,  that  llic  Oriskanian  faunas  of  (ifl^P 
s|iread  south  through  the  .\ppHlHi'Iiran  gcosyncline  into  wi-stern  Tt'iiiifi^ 
and  .\lis,soiiri  and  are  to  he  pxpccttii  in  .\rkaiisas  and  even  in  ()klah"ii)a 
Wliile  the  lleldiThergian  faunas  of  .\tlantir  origin  came  up  the  (iulf" 


.Mexico  emhayment. 

iiotliing  of  the  sort  (wcurrcil  during  the  Oriskaiiisn 

for  there  was  land  1 

icrc  north  of  Alabama  until  early  in  the  Midille  l^ 

v.,nian.     Then  this 

watcrHny  was  again  o[K'ned  and  lli.-  ('amden  fauna' 

with  a  South  .\mcrii 

■an  impress.  s|ircnd  inin  wcst.'ni  Tennessee  aii.l  wutli 

ern  Illinois, 

The  Mi.i.ile  i>ev.ii 

nian  faunas  uf  Xi.rtb  .Vmcrica  .east  of  the  Mississijil 

Itiver  have  l.png  h.-,' 

u  known  as  constituting  an  indepeudent  hut  grenl 

restricted  faunal  rcf 

dm.     K«y.<cr  muncd  this  the  .American  province,  a' 
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il  dispersing  center,  lull  receives  most  of  its  migraii 

chief  among  them 

Ihc  lahulate  corals  ami   the  telracorals,   through  ■ 
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Now  we  come  to  the  moat  extensive  of  all  Devonian  faunal  realms,  tlie 
Euro-Asiatic  one  of  Upper  Devonian  time.  This  is  at  first  characterized 
hy  the  brachiofkxls  Slringocepkalus  burtini,  Uyyotkyiu,  and  Gypidula, 
and  by  a  series  of  goniatites.  These  Upper  Devonian  assemblages  have  a 
common  expreasion  throughout  the  Northern  Hemisphere,  with  the  ex- 
ception of  America  roughly  east  of  the  Mississippi  Biver.  Here  the  Mid- 
dle Devonian  Hamilton  fauna,  somewhat  modified,  persists  into  the 
Ithaca  biota  of  early  Upper  Devonian  time,  -but  soon  this  marine  region 
goes  over  into  a  great  bay  with  sluggish  waters  depositing  black  shales  to 
the  west  of  the  great  sandstone  delta  of  the  Appalachian  geosyncUne. 
But,  even  under  these  adverse  conditions,  there  are  received  pulsations  of 
the  Hypolkyris  cubotdes  and  Spirifer  disjunctm  faunas,  which  appear, 
however,  to  have  come  from  western  Europe  down  the  .Saint  Lawrence 
portal,  battling  for  possession  of  the  Appalachian  sea  cast  of  the  Ozark- 
Kankakee  axis.  On  the  other  hand,  the  more  typical  Euro-Asiatic  faunas 
spread  from  the  Arctic  down  the  Mackenzie  Valley  into  Minnesota,  Iowa, 
and  Michigan,  and  during  short  intervals  the  Sftinfer  hungerfordi  faunas 
wore  able  to  penetrate  into  central  New  York. 

Summation 

In  summary,  we  see  that  the  faunal  provinces  and  realms  are  marked 
at  times  by  identical  species  of  very  wide  distribution,  but  more  often  by 
generic  and  family  developments  spreading  throughout  the  shallow  sea- 
ways for  some  thousands  of  miles,  or  as  far  as  they  can  find  a  similar 
environment.  These  entities  are  prevented  from  spreading  everywhere, 
not  BO  much  by  temperature,  but  mainly  by  barrier  lands  and  by  deep 
oceans  of  wide  extent.  Even  bo,  some  of  the  ground-attached,  shallow- 
water  invertebrates  succeed  in  establishing  themselves  directly  across  the 
oceans;  but  this  is  possible  only  among  those  that  have  long-lived  floating 
larvsp,  which  are  several  weeks  in  developing  before  they  are  compelled 
to  seek  the  marine  bottoms.  As  a  rule,  the  larvie  of  bottom-living  inver- 
tebrates are  free-floating  and  are  carried  about  by  the  currents  for  only  a 
few  days;  consequently  but  few  of  them  are  able  to  spread  and  mature 
beyond  the  range  of  the  shallow  seas  of  their  birth. 

From  the  evidence  recited  it  will  also  be  seen  that  provinces  and  realms 
are  characterized  now  by  one  and  now  by  another  class  of  invertebrates 
or  by  a  group  of  them.  At  one  time  the  dominating  entities  are  of  the 
attached  bottom  life,  like  the  brachiopods;  at  another  they  are  the  slug- 
gishly crawling  kinds  of  gastropods  and  bivalves,  and  at  yet  other  times 
the  more  active  trilobites  or  cephalopods.     And  so  it  has  always  been : 
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Introddction 

Tlie  ilestTilHT  of  trIlobit«s  has  an  advantage  over  the  student  of 
Brat)ii<ipo4i8,  Mollusca,  and  various  other  invertebrates  in  that  the  ani- 
mals with  which  he  deals  have  more  parts,  and  hence  present  more  com- 
binations of  characteristics  which  may  be  used  in  the  discrimination  of 
species.  On  the  other  hand,  he  suffers  from  the  disadvantage  that  his 
spt-ciniens  are  apt  to  lie  dismembered,  and  very  many  species  are  known 
from  fragments  only.  Due,  perhaps,  to  this  latter  contingency,  trilo- 
Ititists  have,  as  a  rule,  been  rather  conservative,  and  it  is  only  within  the 
last  few  years  that  an  era  of  nice  distinctions  has  been  inaugurated. 
Compared  with  the  number  of  individual  specimens,  the  number  of  s\»}- 
(■i«-.<  and  gi^nera  of  trilobit«s  still  remains  few,  but  bids  fair  to  be  increased 
rai'i'lly  in  the  next  decade  or  two. 

Characteristics  of  the  Body 

The  body  of  the  trilobite  is  doubly  tripartite,  but  the  longitudinal 
(livi.-iion  which  la  characteristic  of  the  subclass  is  seldom  of  specific  value. 

'  MHDiiBcrlpt  rrcrlTFd  by  the  Seererarj  of  Hi*  Boclfly  Marrh  3.   1021. 
This  peprr  !■  one  of  a  wHm  compOHloir  a  "S^mpni'liini  on   crllprla   and  mpthodn  cm- 
{iloy«]  In  paJFonlolofleal  reivarch." 
I  Roail  hj  R.  S.  BaMler. 
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since  the  proportion  of  the  width  of  the  asial  to  the  lateral  lobes  is  usuallr 
constant  in  the  various  genera.  The  division  transFcrsely  into  cephslon, 
thorax,  and  pygidium  is  subject  to  much  more  variation,  and  the  relative 
lengths  of  the  three  portions  are  very  frequently  used  in  separating 
species. 

The  total  number  of  segments  in  the  trunk  being  highly  variable,  those 
trilobites  which  have  many  in  the  thorax  usually  having  few  in  the 
pygidium  and  vice  versa,  it  naturally  follows  that  some  uncertainty  exists 
as  to  the  taxononiic  value  of  the  number  in  either.  The  number  in  the 
thorax  is  constant  in  some  families,  as  in  the  Asaphidie  and  Phacopidis, 
but  is  variable  in  many  others,  and  even  in  some  species;  so  that,  while 
it  is  occasionally  cited  in  specific  descriptions,  it  is  only  in  connection 
with  more  important  features. 

CHARACTERlSTICa   OP   THE    CePHALON 

The  cephalon  is  the  part  of  the  trilobite  most  desired  by  the  taxonomist, 
for  it  exhibits  the  features  which  are  of  the  greatest  value  in  classifica- 
tion. It  is  quite  natural  that  tliis  should  be  so,  for  this  is  ontogonetically 
the  oldest  part,  and  in  certain  respects  it  is  the  fixed  and  stable  portion 
of  the  body,  to  which  the  trunk  is  a  more  or  less  flexible  appendage.  Ex- 
ternal environment  will  affect  more  directly  the  movable  thorax  and 
pygidium  than  the  more  solid  anterior  shield.  It  is,  in  fact,  found  that 
cophala  are  generally  less  variable  than  pygidja,  though  many  specific 
characteristics  are  drawn  from  the  head. 

Since  the  time  of  Salter  and  Barrande,  the  major  characteristics  used 
in  classification  have  been  those  of  the  cephalon,  but  it  remained  for 
Beecher  to  show  the  value  of  the  facial  sutures,  and  so  put  in  logical 
order  the  families  already  in  use.  As  is  well  known,  Beecher  used  HyattV 
method  of  inferring  relationship  from  the  history  revealed  by  ontogeny, 
and  made  it  possible,  from  the  inspection  of  a  cephalon  alone,  to  plan' 
any  particular  trilobite  in  one  of  the  three  orders  which  he  proposed. 
What  little  work  has  been  done  on  phylogenies  within  the  group  has  been 
based  on  ontogeny,  worked  out  by  Barrande,  Matthew,  Beecher,  Ford, 
and  Walcott,  as  interpreted  by  Beecher. 

While  the  position  of  the  facial  suture  designates  the  order  and  Uie 
]K)sition  in  the  order  of  the  family,  the  families  themselves  are  not  ba.<eil 
on  the  facial  suture,  or  even  on  the  structure  of  tlie  head  alone,  but 
usually  on  a  number  of  characteristics  drawn  from  all  parts  of  the  body. 
As  now  defined,  they  are,  in  fact,  aggregates  of  more  or  less  like  genera 
and  are  in  many  instances  hard  to  define.  This,  though  bothersome  to  the 
Iflxonomist,  is  an  exceedingly  satisfactory  slate  of  things,  since  it  shoHv 
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luti  Uiere  is  a  gradation  from  one  group  to  another,  and  that  Biaterial 
i  gradually  accumulating  that  will  permit  the  evolution  of  the  subclass 
to  be  followed  out.  Uenera,  aa  they  are  now  coming'to  be  limited,  aro 
merely  small  aggregates  of  similar  species,  and  various  men  hold  widely 
iliSerent  ideas  as  to  the  latitude  allowable  in  a  generic  group. 

Generic  characteristics  are  generally  drawn  from  the  features  of  the 
whole  body,  if  all  parts  are  known ;  otlierwise  from  the  head.  It  is  true 
that  a  very  few  genera  have  been  based  on  pygidia  alone,  through  force 
uf  bck  of  material,  but  not  from  clioice.  It  is  often  impossible  to  deter- 
tniue  a  genus  from  the  latter  shield  alone,  and  in  cases  of  parallelism  the 
distinguishing  characteristics  are  usually  to  be  found  on  the  cephalon. 
A  few  genera  have  been  based  in  part  on  the  form  of  the  thorax;  but, 
Mi  that  may  be  diagnostic  within  a  genus,  it  is  not  often  relied  on 
I'Jitirely. 

tipecific  value  is  usually  given  to  such  features  of  the  cephalon  as  the 
proportion  of  length  to  breadth  of  both  the  whole  shield  and  of  the  gla- 
'■elU;  sometimes  to  the  position  of  the  eyes,  although  this  is  often  of 
higher  rank ;  to  the  length  and  shape  of  tlie  genal  spines ;  to  the  brim,  its 
titent,  profile,  and  breadth ;  the  convexity  of  the  glabella  and  the  condi- 
liun  of  its  furrows;  the  position  and  characteristics  of  any  spines  or 
purities ;  and  to  the  pattern  of  any  ornamentation  that  may  be  present. 
All  these  things  have  different  values  in  different  groups,  and,  so  far  as 
possible,  combinations  of  characteristics  are  chosen.  At  the  present  time, 
Irilobites  are  usually  described  in  considerable  detail,  for  one  is  never 
||<iite  sure  which  are  the  features  which  are  going  to  be  of  most  use.  The 
"hort  descriptions  in  Latin  given  by  some  of  the  earlier  writers  are  fre- 
lUently  of  no  value  at  all,  as  they  may  apply  to  a  number  of  species  now 
known. 

ClIARACTKRISTIC'S    OF    TirE    VKXTRAL    SiDE    AND    FyOIDIUM 

The  ventral  side  of  the  body  has  never,  so  far  as  I  know,  been  used  in 
'iiwriminating  species.  The  extent  and  form  of  the  doublure  has  in  a 
fs»  cases  afforded  generic  distinctions ;  the  shape  of  the  epistoma  is,  in 
many  cawes,  of  family  value,  and  the  hypostoma  often  enables  one  to  rec- 
ognize a  genus  or,  if  not  that,  a  family.  The  appendages,  oven  if  they 
wm  commonly  well  prescribed,  would  probably  be  of  little  help  in  making 

other  than  the  larger  subdivisions,  for  they  seem  to  have  been  generalized 

and  very  similar  in  unlike  trilobites. 
The  pygidium  is  more  used  in  making  specific  distinctions  than  any 

)ther  part  of  the  body.    In  most  cases  the  minor  details  of  the  eonforma- 

ion  of  this  shield  are  so  variable  that  the  whole  combination  has  low 
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Fhidi 
is  seldom  fixed  and  maj  or  may  not  be  of  q>ecific  t^hb..  Li  anne  genen, 
where  there  ia  wide  variation  in  thla  partienlar,  a  diftanaioe  of  five  or  bi 
will  paaa  onnoticed,  while  in  others  new  species  have  been  erected  bectnae 
of  one  more  or  leaB  than  the  amal  number.    The  rings  on  the  axiil  lobe 
represent  the  true  nnmber  of  segments  in  this  ahidd,  and  there  sn 
nsuallj  less  ribe  on  the  pleural  than  rings  cm  the  axial  lobe.    The  niunbei 
of  ribe  is  frequently  of  specific  importance,  as  is  also  Hiflir  tength,  promi- 
nfflice,  furrows,  and  ornamentation.    The  width  of  the  border  ^onld  also 
be  noted,  and  while  its  pree^ice  or  absence  may  be  of  gmerin  importance, 
its  width,  outline,  and  profile  often  serve  to  limit  a  species.    When  spixio 
or  pnstnles  are  present,  eititer  on  the  margin  or  on  any  portion  of  tbe 
upper  surface,  their  position,  size,  cnrratore,  arrangement  and  numb^ 
almost  always  present  combinations  of  specific  value. 

Sdkhabt 

It  is  obvions  fnnn  the  above  ouUina  that  the'trilobitea  do  not  leP'^ 
themaelTes  readily  to  an  artificial  classificaticm,  and  that  there  are  tio 
unifoim  ''generic"  or  "specific"  characteristics.  It  can  not  be  said  that 
an  ideal  and  complete  classification  has  yet  been  reached,  and  only  whtf 
a  fuller  understanding  of  the  structure  an^  ancestry  of  the  whole  gnmp 
is  attained  will  there  come  full  realization  of  the  relative  importance  o1 
the  various  parts  of  the  anatomy.  We  are,  in  our  descriptioDH,  still 
struggling  somewliat  blindly  toward  the  goal. 
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Inthoduction 

After  Bome  differences  in  concept,  the  term  climate  has  come  to  be 
applied  to  the  atmospheric  conditions  of  weather  normal  to  a  given  lo- 
cality or  region.  Although  there  are  very  considerable  areas  of  the  earth's 
surface  that  exhibit  similar  climatic  conditions,  it  needs  little  reflection 
to  demonstrate  that  the  climate  of  the  earth  at  the  present  day  is  by  no 
means  uniform  throughout.  If,  for  instance,  we  travel  either  north  or 
south  from  the  equator  we  pass  successively  through  a  so-called  torrid 
zone,  a  temperate  zone,  and,  in  polar  lands,  a  frigid  zone,  each  with  minor 
but  distinctive  modifications.  In  other  words,  the  present  distribution 
of  climate  is  zonal.  But  it  has  been  demonstrated  with  what  seems  a 
reasonable  degree  of  certainty  that  the  climates  of  the  past  were  distinctly 
non-zonal  in  their  distribution — that  is,  ancient  climates  appear  to  have 
been  practically  uniform  for  vast  periods  of  time  and  of  practically  world- 
wide extent.  The  object  of  the  present  paper  is  to  set  forth  the  criteria 
by  which  this  conclusion  is  reached. 

'  Minuicript  received  bj  the  Secretary  of  (he  8i>c!elr  Marcb  S,  lB2i. 
TbiB  paper  Is  one  ot  ■  series  composing  a,  "SympoBlum  on  criteria  sod  methods  em- 
plored  Id  iMleoutological  research." 
■Bead  br  R.  8.  Bauler. 
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Foeail  plants  have  long  been  called  the  thermometers  of  the  past;  in 
this  light  they  have  been  regarded  by  most  students  as  more  trustworthT 
guides  than  fossil  animals,  though  when  correctly  Interpreted  there  is 
usually  little  discordance  in  the  two  lines  of  evidence.  It  is  easv  to  see 
why  plants  may  furnish  more  reliable  data  than  animals.  A  great  ma- 
jority of  animals  are  endowed  at  some  stage  of  their  life  cycle  with  thf 
power  of  locomotion,  which  enables  thetn  to  move  about  more  or  less 
freely  in  response  to  various  external  forces,  perhaps  the  most  important 
of  which  is  that  of  the  climatic  environment.  \Vlien,  for  whatever  reason, 
the  conditions  become  unfavorable  the  animal  is  more  or  less  free  to 
change  its  habitat,  but  the  plant  is  largely  fixed  in  position  and  when 
stresses  come  must  usually  succumb. 

Stabilization  of  Tehperatdres  for  Plants  and  Aniicals 

Before  presenting  the  paleobotanical  criteria  for  interpreting  ancient 
climates,  it  is  pertinent  to  call  attention  to  the  fact  that  since  at  least 
.\lgonkian  time  terrestrial  temperature  must  have  been  stabilized  be- 
tween relatively  narrow  limits,  else  life  could  not  have  been  continuoui^. 
as  we  have  every  reason  to  believe  it  has  been. 

The  vital  processes  in  plants  are  practically  suspended  when  the  tem- 
perature falls  below  32°  Fahrenheit  (0°  centigrade),  though  d«ring  their 
resting  stage  many  plants,  especially  in  polar  lands,  are  accustomed  to 
endure  a  temperature  of  —lO'  Fahrenheit  or  even  lower.  The  opposite 
extreme  is  shown  by  certain  simple  types  of  algs  that  thrive  in  waters 
of  hot  springs  under  a  temperature  approximating  200°  Fahrenheit,  ami 
there  is  a  very  considerable  diversity  of  algal  life  in  thermal  springs  with 
temperatures  ranging  between  140°  Fahrenheit  and  180°  Fahrenheit. 
Certain  bacteria,  it  is  known,  can,  when  in  an  encysted  stage,  withstand 
temperatures  ranging  between  +120°  centigrade  and  — 200°  centigrade, 
or  even  —250°  centigrade  for  short  poriods.  The  optimum  temperature 
for  plant  life,  however,  is  usually  Imtwcen  22°  and  37°  centigrade  (TT 
to  9S°  Fahrenheit). 

The  extremes  of  temperature  between  which  animal  life  is  possible  ari' 
apparently  less  than  for  plants,  No  known  animal  finds  a  congenial 
habitat,  either  aquatic  or  terrestrial,  that  has  a  permanent  temperature 
of  200°  Fahrenheit. 

From  this  di8<;uasion  it  appears  that  the  range  of  biologic  tnleratioii 
fan  hardly  exwed  200°  Fahrenheit — that  is  to  say,  a  permanent  raising 
of  terrestrial  temperature  above  200°  Fahrenheit  or  lowering  it  below  32' 
Fahrenheit  would  have  inhibited  life  on  this  globe. 
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In  seeking  to  ascertain  the  bearing  of  the  ioeeil  floras  on  the  cUtaatic 
conditions  that  obtained  at  the  time  they  were  living,  it  is  desirable  to  set 
turth  the  criteria  that  must  fom;  the  basis  of  such  judgment  In  draw- 
ing conclusions  from  individual  organisms  in  an  inquiry  of  this  kind, 
dependence  must,  of  course,  be  placed  on  our  knowledge  of  the  present- 
day  requirements  of  similar  species,  and  tlie  results  must  always  be  sub- 
ject to  possibility  of  error  from  two  sources:  first,  from  the  incorrect 
placing  biologically  of  the  organism,  and,  second,  from  the  fact  that  its 
requirements  in  past  geologic  time  may  not  have  been  the  same  as  those 
which  now  dominate  the  life  activities  of  its  supposed  analogue.  How- 
ever, when  all  or  a  very  considerable  proportion  of  the  elements  of  a  flora 
appear  to  point  in  the  same  direction,  the  liability  to  serious  error  is 
minimized  if  not  eliminated. 

An  outline  of  the  criteria  most  relied  on  in  the  interpretation  of  cli- 
matic conditions  has  been  so  succinctly  stated  by  White  in  his  paper  on 
the  "Origin  of  coal"  that  I  venture  to  quote  it  entire: 

"During  the  times  of  deposition  of  most  of  the  principal  coal  groups  the 
climate  has  been  characterized  by  (1)  general  mildness  of  temperature,  ap- 
[troachlng  In  most  cases  tropical  or  subtroplcHl ;  (2)  coDHplcuous  equability  or 
approximation  to  uniformity  of  climatic  conditions,  which,  with  a  few  excep- 
tions, appear  to  have  lacked  cold  winters  or  severe  frosts;  (3)  a  generally 
high  humidity,  the  rainfall  being  from  moderately  heavy  to  very  heavy  and 
fairly  well  distributed  through  the  year,  though  In  many  cases  there  is  evi- 
<Ience  of  the  occurrence  of  dry  periods,  which,  however,  seem  ordinarily  to 
have  been  comparatively  tihort  and  not  severe;  (4)  an  amazingly  wide  geo- 
graphical distribution  of  these  genial  and  equable  climates,  which  occurred 
xeemln^  In  almost  uniform  development  simultaneously  in  the  high  and  in 
the  low  latitudes  of  both  the  Northern  and  the  Boutheru  Hemispheres.  This 
shows  either  thot  the  essentially  uniform  climatic  conditions  were  truly  extra- 
ortllnary  In  geogrnphic  extent,  with  little  regard  to  miHlem  climatic  zones,  or 
that  the  formation  of  coal  was  mainly  confined  to  the  areas  of  the  ahove- 
preitcrlbed  climatic  environment. 

"The  principal  criteria  as  to  climate  ofFered  by  the  fossil  plant  remains, 
preserved  either  In  the  coal  or  In  the  enveloping  shales  and  sandstones,  and 
Nerving  as  a  basis  for  the  conclusions  stated  nbove,  may  be  summarized  as 
follows : 

"1.  Relative  abundance  or  luxuriance  and  large  size  of  terrestrial  vegeta- 
tion— that  is,  rankness  of  growth — Indicating  favorable  conditions  of  tempera- 
ture, humidity,  etcetera. 

"2.  Character,  condition,  and  amount  of  the  laixl-plant  material  preserved 
aa  coal  or  carbonized  In  the  rocks.  The  formation  of  xylold  coal  of  the  ordi- 
nary types,  composed  mainly  of  subiierlal  vascular  plant  remains,  Indicates 
humidity.  In  r^lons  of  cool  temperature  the  humidity  required  for  the  for- 
mation of  peat— the  Initial  state  of  coal^ls  moderate ;  in  warmer  climates. 

XXV^BiiLL.  Oeol.  Soc.  Am,,  Vol.  32,  1020 
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where  decay  Is  more  rapid,  not  onl;  must  the  humldit}'  be  greatly  increasrd 
In  order  to  provide  tbe  neceftsarf  wetness  to  retard  decompotiltion,  but  tben> 
must  be  no  long  dry  season  of  tbe  year  for  tbe  too  great  redaction  of  the  water 
corer.  The  observatloaB  of  peat  formation  at  the  preseut  day  In  tropical  rli- 
mates  show  that  In  order  to  permit  the  deposttluu  of  peat  the  rainfall  must  tie 
both  very  heavy  and  fairly  well  distributed  through  the  entire  yenr. 

"3.  Great  radial  distribution,  seemingly  over  the  greater  part  ot  tbe  ettrth, 
and  especially  over  wide  ranites  of  latitude,  of  Identical  species  and  genera  In 
characteristle  association,  Indicating  the  eitenalon  of  approilmately  nnlform 
climatic  conditions  In  these  regions.  Floras  Identical,  or  essentially  Identlml, 
In  remote  or  detached  reglouH  can  owe  tbelr  identity  to  no  other  cau^  tban 
approximately  continuity  of  tbe  environment,  whether  that  continuity  is  gen- 
gnipbic  or  chronograpblc.  Converwely,  migration  of  a  floni  without  change  Is 
possible  only  through  regions  of  esMentlally  identical  environmental  conditions. 
lUufitratlons  are  found  In  the  Cart>oniferoUR.  TrlasMlc.  Jurassic,  and  Lovr«r 
Cretaceous  floras,  and  even  to  a  remarkable  degree  In  the  Upper  Gretaceim-^ 
and  Tertiary  floras. 

"4.  Presence  of  types  known  to  be  adapted  to  or  confined  to  the  warm  ti'm- 
peratures  or  moist  climatic  conditions  of  the  present  day,  tji>es  thut  thciiBli 
now  extinct  once  lived  In  association  with  other  types  of  ascertnlned  tropical 
or  humid  habitats,  and  types  whose  dencendants  or  nearest  surviving  relallvt-^ 
are  characteristic  of  warm  climates.  Emmplen  are  cycadulean  types  In  Cnr- 
bonlferous,  Triassic.  Jurassic,  Cretaceous,  and.  finally,  in  the  Oligocene.  iii 
association,  since  the  Trias,  with  living  trotilcal  and  suhtroplcnl  genera  r>r 
families;  the  presence  of  tree  ferns  in  nearly  all  periods  of  coal  formatlnii: 
Iialms,  cinnaraon  treex,  climbing  ferns,  and  many  other  tropical  or  sublmpli'al 
t.vpes  In  the  Upper  Cretaceous ;  and  breadfruit -trees,  etcetera.  In  the  I«wer 
Tertiary. 

"5.  Structures  of  the  plants  themselves.  Features  showing  rapidity  ot 
growth — that  Is,  abundant  rainfall,  mild  or  warm  temiwra lures,  etceteru— 
conditions  favorable  to  rai>id  growth : 

"(a)  Very  large  size  of  the  cells,  many  with  thin  walls,  and  large  llltl•^ 
cellular  sitaces,  indicating  rapid  growth  and  abundant  moisture,  notlcenblr  In 
tbe  woods  found  in  and  with  most  coal. 

"(b)  Large  size  of  fronds  and  leaves.  Indicating  conditions  favorable  t" 
growth  and,  at  prewiit,  cbaracterlstlc  of  moist  tropical  habitats. 

"(c)  Frequency  of  laclnate  or  much-dissected,  drooping  fronds  and  iieniltrit 
branches  or  twigs  seemingly  adapted  to  facilitate  the  run-off  of  rwln.  and  pp' 
tectlon  of  the  stomata  In  grooves  on  the  under  sld^B^f  many  leaves,  as  lu  thf 
Lepidophytes  of  the  Carboniferous. 

"(<t)  Smoothness  of  bark,  which  is  often  thick,  pointing  toward  warm, huiulil 
swamps. 

"(c)  Absence  of  growth  rings  In  the  woods  of  the  older  coal  formatlnns. 
showing  climatic  <-ondItlons  favorable  (o  practically  uninterrupted  growth. 
and  the  absence  of  long  dry  seasons  or  winter  frost  Such  absence  of  rlnpi. 
when  noted  In  all  tbe  assix-lated  types,  plainly  shows  the  approximation  tn 
e<]Uabillty  of  climate. 

"(/)  Wide  occurrence  In  the  I'aleoEolc  coal  fields  of  helerospory,  reqolriiiB 
prevalent  swamp  conditions;  and  the  occurreui-e  of  delayed  fertilisation  awl 
of  devices  for  seed  flotation. 
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"(tf)  The  development  ot  aubaerial  roots  In  many  of  the  types. 

"fl.  A  circumstance  that  may  be  observed  In  most  coal  fields  In  proof  of 
abundant  rainfall  at  the  ttme  of  coal  formation  is  the  continuity  of  many  coal 
benches  or  strata  from  one  hollow  or  pau  orer  the  interreninK  shoal  or  sand 
tiar  Into  the  nest  pan  or  along  the  slight  gradients  of  the  baselevels,  a  circum- 
stance impossible  exc«pt  with  sufficient  rainfall  to  saturate  the  vegetal  cover 
and  maintain  a  ground-water  table  of  retarded  drainage  held  by  the  obstruct- 
ing vegetation. 

"7.  Two  other  Interesting  lines  of  evidence  for  the  warm  climate  of  the 
Carboniferous  are  seen,  as  pointed  out  by  Potunle,  In  (a)  the  development  of 
more  flowers  and  fruits  on  the  lower  pans  of  stems  and  branches,  as  in  Ulo- 
dendron,  Sigillaria,  and  many  Calamarite.  a  characteristic  of  dense  tropical 
forests  at  the  present  time,  and  <Ei)  the  presence  in  maiij'  ferns  of  Apbleblu^ 
which  today  are  unknown  except  in  tropical  types." 

Steps  in  Study  of  climatic  Criteria 

Although  the  foregoing  account  was  drawn  uj)  especially  to  cover  con- 
ditions during  the  deposition  of  the  great  coal  deposits,  and  more  par- 
ticularly the  Paleozoic  coals,  it  nevertheless  applies  with  approximately 
equal  force  to  all  horizons.  As  we  ascend  in  the  geologic  column,  plants 
become  increasingly  similar  to  existing  plants  until,  in  the  late  Pleisto- 
cene, they  largely  merge  with  the  present  flora.  When,  for  example,  a 
flora  in  the  Meeozoic  or  early  Cenozoic  is  interrogated  as  to  its  probable 
bearing  on  the  climatic  conditions  under  which  it  grew,  the  first  step  is 
the  identification — as  complete  as  possible — of  the  elements  comprising 
this  flora.  It  is  then  compared  as  closely  as  possible  with  its  obviously 
nearest  living  relations,  and  from  a  study  of  the  moisture  and  tempera- 
ture requirements  of  these  living  analogues  a  conclusion  is  reached  as  to 
the  probably  similar  demand  of  the  ancestral  forma.  If  this  judgment 
was  based  on  only  one  or  two  forms,  the  possibility  for  erroneous  inter- 
pretation would  be  increased ;  but  when  there  are  a  considerable  number 
all  pointing  in  the  same  direction,  the  probability  of  falling  into  error  is 
certainly  reduced  if  not  eliminated. 

Examples  of  the  Application  of  climatic  Cuiteuia 

A  number  of  examples  may  l)e  cited.  The  Jurassic  flora  elijoycd  in 
many  respects  the  most  marvelous  distribution  of  any  known  flora,  either 
living  or  fossil.  It  is  known  to  range  from  Franz  Josef  Land,  82°  north, 
to  Hope  Bay,  Graham  Land,  1).'}°  south,  and  from  extreme  western  Alaska 
entirely  around  the  earth  to  eastern  Australia,  or  through  more  than  l.'i.'i 
degrees  of  latitude  and  mitre  than  2;t0  degrees  of  longitude.  Throughout 
this  vast,  practically  world-wide,  area  there  is  a  remarkable  uniformity 
of  distribution— that  is,  not  only  in  individual  species  widely  spread,  but 
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a  consi<]erable  assemblage  of  species.  This  distribution  shows  codcIu- 
sively  that  there  was  not  only  free  communication  between  the  Eastern 
and  Weetem  Hemispheres,  but  also  between  the  Northern  and  Southecn 
Hemispheres,  and,  as  none  of  the  Jurassic  plants  is  known  to  possess  anv 
peculiar  mechanism  for  dispersal,  it  is  apparently  clear  that  there  must 
have  been  a  continuous  or  practically  continuous  land  connection  throngh- 
out  this  vast  area.  It  is  also  evident  that  this  wide  distribution  conlil 
only  have  been  possible  under  very  uniform  climatic  conditions.  Such  a 
distribution  would  be  utterly  impossible  under  the  present  zonally  dii^ 
posed  climates. 

Wi^out  attempting  to  present  a  complete  analysis  of  this  flora  (for 
which  see  my  paper,  "Evolution  of  geologic  climate"),  the  conclusion  if 
reached  that  the  presence  of  luxuriant  ferns,  many  of  them  tree-ferns, 
cquisetums  of  large  size,  cycads,  and  conifers,  the  descendants  of  which 
are  now  found  in  warm  lands,  all  point  to  a  moist,  wann,  probably  sab- 
tropical  climate. 

The  Upper  Cretaceous  Atane  flora  of  Greenland  may  be  briefly  con- 
sidered. This  flora  ranges  from  Greenland  along  the  Atlantic  Coastal 
Plain  and  Gulf  region  to  Texas  with  but  little  change,  and  the  Dakota 
flora  spread  with  practically  no  cliange  from  Minnesota,  Nebraska,  and 
Kansas  to  Argentina,  The  inference  to  be  drawn  from  these  facts  is  that 
during  Upper  Cretaceous  time  the  temperature  conditions  were  very  uni- 
form over  the  greater  part  of  the  earth's  surface,  extending  from  at  leart 
72°  north  in  Greenland  to  at  least  60°  south  in  Argentina,  with  the 
probability  that  it  was  practically  world-wide.  A  study  of  there  floras 
reveals  very  little  evidence  of  deciduous  habits,  which  implies  an  unin- 
terrupted growing  season  and  an  abundant,  or  at  least  adequate,  supply 
of  moisture,  well  distributed  throughout  the  year.  The  coal  deposits  of 
Upper  Cretaceous  time  also  imply  widespread  and  long-continued  swamp 
or  marsh  conditions. 

In  the  Atane  flora  there  are  such  genera  or  Artocarpus  (breadfmit- 
tree),  Cinnamomum,  I>aurus,  Pseudocycas,  Aralia,  Panax,  Cyathei. 
Gletchenia,  Widdringtouitcs.  etcetera,  which  are  largely  tropical  or  sub- 
tropical in  distribution.  Associated  with  them  are  such  genera  as  Acer. 
Asplenium,  Cassia,  Cissites,  Diospyros,  Hedera,  Ilex,  Magnolia,  Myrsine. 
Paliurus,  Pinus,  Pteris,  Quercus,  Sapindus,  Selaginella,  etcetera,  which 
while  having  more  or  less  representation  in  temperate  regions  many  have 
representatives  in  warm  temperature  aii<l  even  subtropical  regions.  Prom 
this  it  seems  safe  to  conclude  that  the  cliniflte  of  Greenland  during  Atsiic 
time  could  not  have  l)een  cooler  than  warm  temperate,  and  when  we  con- 
sider the  presence  of  bread  fruit- trees,  figs,  cinnamon  trees,  tree-fenis. 
etcetera,  it  might  well  have  been  subtropical. 
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Geologic  literature  abounds  with  statements  relating  to  tlie  occurrence 
of  rain-drop  impressions,  but  in  few  instances  is  information  given  as  to 
the  appraranee  of  the  marks  wbieh  are  so  designated.  When  pitlike 
structures  have  been  found,  they  have  generallv  l)een  ascribed  to  rain- 
drops, and  it  has  been  concluded  that  the  containing  deposits  were  those 
of  a  region  over  which  at  times  there  was  no  water.     Notes  of  caution 

hate  occasionally  appeared,  but  they  do  not  appear  to  have  been  widely 

Kad.' 

The  best  paper  on  the  subject  of  rain-drop  impressions  with  which  the 
.niter  is  familiar  is  that  of  Lyell,  in  which  are  described  'Tain-marks  of 

we  ReeeDt,  Triassic,  and  Carboniferous  periods."  *    This  paper  describes 

'Bt'taed  manuacrlpl  ivcelvpd  hy  the  Sferctary  "f  the  Soclnty  May  .t.  ll>2l. 
'I>twr:  Edloboarsb  New  Phil.  Jour,  lor  ISr>(>.  p.  i;4tt.  ciuolcd  b.v  l.yell. 
''^Iitrlta  L^eU :  Jour.  Cecil.  Sue,  I.uadan,  vol,  vll.  isni.  pp.  )iXS-24'. 
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recent  and  foHsit  rain-drop  impressions  and  gives  some  criteria  by  which 
they  may  be  recognized.  Some  data  are  also  given  on  impressioBS  from 
the  Triassic  rocks  of  the  Newark  series,  which  are  awrihed  to  hsiL 
Meunier  has  shown  how  rain-drop  impressions  may  be  artificially  de- 
veloped.* 

At  different  timen  attempts  have  been  made  in  the  Sedimentsticm 
Laboratory  of  the  University  of  Wisconsin  to  find  ont  in  how  many  wiji 
impressions  could  be  made  which  resemble  rain-drop  impresdoDB  ud 
might  be  mistaken  for  such.  It  has  been  learned  that,  in  addition  topiti 
made  by  organisms,  these  develop  in  nature  in  at  least  nine  difltmil 
ways,  namely:  (1)  impressions  made  by  rain-drops,  (2)  unpnanou 
made  by  hail,  (3)  drip  impressions,  (4)  spray  and  splash  imprenau, 

(5)  impressions  made  t>y  bubbles  floating  in  shallow  water  and  beomui^ 
anchored  to  the  bottom  because  of  mud  settling  on  their  outer  mititKS, 

(6)  impressions  made  hv  bubbles  formed  on  the  surface  of  an  area  om- 
flooded,  the  bubbles  developing  from  the  air  pushed  out  of  the  earth  being 
submerged  and  hold  to  the  bottom  by  tiie  Settling  sediment,  (7)  impre^ 
sions  made  by  the  rising  and  falling  of  liubbles  over  very  shaUow  waters, 
(B)  impressions  made  by  bubbles  arit'ing  from  the  decay  of  organic  nut- 
ter contained  in  mud  and  making  their  way  to  its  surface,  where  Acj 
either  burst  or  remain  attacln^d,  and  (!l)  the  small  pit  and  motmd  ilflk 
turcs  described  by  Kindle'  Each  of  these  nine  types  of  impressioos  vf 
bo  described  in  detail. 

l.Ml'IiK.'^.srONS    M.\[>K    »Y    RaIX-DROPS 

In  the  writor's  ('xjH'rimcnts  rain-drop  inipres-sions  were  made  artift- 
oiiilly  by  throwing  wafer  from  a  spray  to  a  height  of  about  ten  feet  abme 
the  tray  in  which  was  plrtced  ihc  mud  intended  to  receive  the  impreeridU. 
Tlie  mud  used  consisted  of  mixed  lake  marl  and  glacial  clay  and  *•• 
made  cif  a  eonsisteney  Ui  receive  and  retnin  impressions.  The  marb  de- 
veloped are  ideiitieal  in  iipiwaranee  with  those  made  by  actual  rain.  Tta 
impressions  consist  of  circular  to  elliptical  pits  surrounded  by  ali^iflf 
elevated  and  sonu'wliat  rii;:f:ed  rims.  The  surfaces  of  the  deprcssiooi  HI 
rough,  with  the  ^^niiiU  elevations  of  sulTK-ient  magnitude  to  be  readfl; 
seen  with  the  eyi'.  The  rims  are  sliglitlv  more  elevated  and  the  deprtt- 
sions  Sfjmewhat  deeper  on  the  side-;  towaid  ivhicli  the  falling  drops  were 
directed.    The  depth  of  tiic  dejiressions  vary  with  the  dimensions  of  the 

'  SUnlMlBH  Mi-iiulcr:  (lOt.liiBic  lCiiii^rlm.>ntiilf.  Blblldllii'iiaf  ScientlUque  iDtcrnatlODklf. 
IHim.  p,  as, 

-K.  M.  Klnillp:  Sninll  pll  nnd  mound  siriipluroB  rtpviauped  diirlos  B«dtm«itatlaii.  0«jl 
Mdk.,  IhivmlHT  e.  l!l|<l,  vol.  Ill,  |)]>.  r>4^-S4T. 
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drops  which  made  them,  the  force  with  which  the  drops  fell,  and  the 
softness  of  the  mud.  If  the  mud  be  very  soft,  it  flows  and  the  impressions 
become  obliterated  or  greatly  reduced.    About  one-tenth  of  an  inch  ap- 


FiGiiRE  1. — Impmaiont  made  6v  Rotn-dropi 
On  tbe  left  coalesclDK  pIM  formed  by  maOT  drops.     On  the  right  iBolaled  I 


FtocNE  2. — Rain-drop  Impreitlont  mada  on  Ktl  Band 
pears  to  be  the  maximum  depth.    The  marginal  elevations  vary,  due  to 
the  same  factors  which  control  the  depths  of  the  depressions.    About  one- 
tenth  of  an  inch  appears  to  be  the  maximum  height.    The  diameters  of 
the  depressions  vary  from  about  one-half  an  inch  to  that  of  a  pin-head 
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or  even  less  (iigurc  1).  Aftor  a  rain  of  a  few  minutes  a  mud  su: 
becomes  thoroughly  sculptured  through  the  presence  of  a  multipiicil 
coalescing  pits  (figure  1).  Further  rain  covers  the  surface  with  mi 
water,  previous  impressions  are  ilestroyed,  and  there  is  no  possibilil; 
their  being  ma<1e  until  the  water  leaves  the  surface. 


Kir.iitK  :i.-  ;,»j„r»«(o>,»  nin.lc  l.jy  artlflrlal  Ilait 

Rairi-dniji  inijircssioii,<  arc  hIsii  nuiile  in  i-anil.  If  wet  sauil  hv  Mr 
liy  rain-ilrops,  impruswioiis  nro  made  and  coiitiiuie  to  he  miidc  until 
sarx!  ln'Cimios  covcri'd  with  water.  Thew;  depressions  are  similar  to  I 
niadi'  in  mud,  fxcfjit  iluit  tho  raisi'd  rims  are  not  bo  sharp  or  so  woT 
(iiicd  (figure  2).  I'ils  mv  also  made  in  dry  sand  and  dust  by  rain-d 
hnt  thf  margins  are  less  sharp  than  where  the  sand  or  mud  is  wet. 
iiig  out  of  the  sand.s  tends  to  make  liie  di'pressions  and  the  margina 
vatious  less  pronounced,  and  a  little  wind  will  altogether  ohiiterate  ' 
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Hail  Impkbssioms 

Iq  the  experimental  work  of  the  writer,  spherical  and  elliptical  pieces 
of  ice  were  projected  with  considerable  initial  velocity  from  a  height  of 
about  twelve  feet  into  a  tray  tilled  with  mud  of  the  same  character  as  that 
iise^J  for  making  the  rain-drop  impressionB.  The  mud  prepared  was  given 
considerable  consistency,  as  it  was  found  that  in  very  soft  and  fluid  mud 
Ihe  hailetonea  became  buried  and  the  depressions  ultimately  nearly  dis- 
appeared. Hail  impressions  are  deeper  and  have  higher  margins  than 
are  those  made  by  rain-dropa.  The  depressions  are  of  the  shapes  of  the 
pieces  of  ice  in  cases  where  these  descend  perpendicularly.  If  the  hail- 
stones have  horizontal  components  in  their  descent,  the  depressions  pro- 
duced are  of  elliptical  outlines  and  are  deeper  and  have  higher  rims  on 
those  sides  toward  which  the  pieces  of  ice  were  directed.  As  in  the  rain- 
drop impressions,  the  depths  of  the  depressions  and  the  heights  of  the 
rims  are  controlled  by  the  sizes  of  the  hailstones,  the  force  with  which 
they  fall,  and  the  character  of  the  mud.  Impressions  of  this  origin  can 
also  become  of  far  greater  diameters  than  is  the  case  for  rain-drop  im- 
pressions, as  hailstones  the  size  of  a  pigeon  egg  are  known  to  be  quite 
common,  and  in  a  big  hailstorm  in  Kansas  the  past  summer  hailstones 
in  excess  of  half-pound  weight  were  reported.  It  is  known  that  impres- 
sions of  at  least  a  couple  of  inches  in  diameter  have  thus  been  formed. 
It  is  probable  that  large  hailstones  would  produce  impressions  in  muds 
overlain  by  slialiow  water,  although  under  such  conditions  considerable 
mud  is  stirred  up  which  on  settling  reduces  tlie  depths  of  the  holes. 

Drip  Impressions 

Drip  impressions,  in  tlic  writer's  observations,  appear  to  be  more  com- 
mon than  are  thoBC  made  by  rain-dropa.  The  beginning  of  a  rain  will 
fall  in  most  cases  on  dry  ground,  on  which  it  is  well  nigh  impossible  to 
form  impressions.  Continucl  rnin  destroys  those  which  were  formed  in 
tlie  beginning.  The  chising  of  a  rain  rarely  makes  impressions,  as  the 
mud  flats  are  then  very  soft  and  are  more  or  less  covered  with  water, 
making  the  formation  of  impressions  essentially  impossible.  Dripping 
from  trees  continues  for  a  long  time  after  rain  has  ceased  falling,  and  the 
falling  drops  at  some  time  And  the  mud  in  an  extremely  favorable  con- 
dition for  receiving  impressions. 

Drip  impressions  are  similar  to  rain-drop  impressions,  but  the  maxi- 
mum dimensions  as  well  as  the  average  dimensions  appear  to  be  larger. 
As  a  rule,  the  drop  falls  without  a  horizontal  component,  so  that  the  rim 
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expected  in  strata  i 
Ii'iauLK  4. — Drip  Impreuiont  ia  toft  Mud         '^       _ 

Devonian  or  posatbl 

but  impressions  made  by  drops  falling  from  overhanging 

must  liave  been  made  throughout  geologic  time. 

Sl-HAY   AND   SPLASH    ImpREBSIOKS 

Spray  and  splash  impressions  are  produced  where  v 
spray  from  the  waves  against  muddy  or  sandy  surfaces  or 
splashed  by  falling  objects.  The  former  may  be  seen  on  th 
of  almost  any  body  of  water,  while  the  latter  are  readi 
throwing  rocks  into  bodies  of  water  which  have  muddy  si 
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pressiona  do  not  appear  to  be  different  from  those  made  by  rain-drops,  so 
far  as  shapes  are  concerned,  but  there  is  great  variation  in  diameter. 

If  drip,  rain,  hail,  and  spray  and  splaeh  impressions  be  made  in  ex- 
tremely soft  mud,  the  result  will  be  flowage  of  mud  into  the  depressions, 
and  they  may  be  obliterated  or  greatly  reduced  in  depth. 


FiOLiBK  S. — Impresaioni  made  bf  itranded  Bubbltt 

Impressions  madk  by  anchored  Bubbles 

Bubble  impressions  are  made  by  bubbles  floating  and  becoming  an- 
chored to  the  bottom  through  sediment  becoming  attached  to  the  films 
or  stranding  in  shallow  water.  In  the  experiments  of  the  writer  the  im- 
pressions so  made  varied  in  diameter  from  very  small  to  about  7  railli- 
meters.  The  depressions  are  sections  of  spheres  made  by  passing  a  hori- 
zontal plane  througli  the  spherei',  tJie  segments  remaining  in  the  mud 
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being  less  than  a  hemisphere.  There  are  no  appreciable  raised  rimB,  t 
surface  of  the  mud  being  tiat  from  the  depressions  outward.  The  ed| 
of  the  depressions  are  sharply  defined  and  regular.  The  surfaces  of  t 
pits  are  smcHith  to  the  eye,  but  are  irregular  in  microscopic  detail  (& 
ure  5). 

In  the  writer's  experiments,  bubbles  were  formed  by  haviug  a  spray  ■ 
water  fall  on  an  artificial  ujiland,  the  falling  waters  making  the  bubble 
which  then  floated  into  a  tank  in  which  the  water  was  kept  at  a  shallo 


■1  over  rliiy  iind  fiiu'  siJiil.  Aftrr  (uuiiy  huljltli-s  had  lict-iimc  juu'hor 
muil  Hiis  iicriMitUHl  tci  ilrv.  U'licrcviir  Imbbtes  reinalneil  until  t 
I  hiid  si'ttlfd  U\  iin  exti'iit  sullicicnt  nut  l»  flow,  impressions  remaine 
ilik'S  inTC  nls(]  fiirnn'i!  hy  mixing  water  and  inud  in  a  pan,  the  agit 
I  iTcatiii^  tin'  Ijultlili's.  wliii'li  were  anclidred  hy  the  *!HSi>en(led  mi 
liiif.'  un  tlicni.  Jt  Mil,-  fiiniul  linit  inipivssiiuis  of  this  kind  were  fonm 
ncvt-r  shiillow  nimldy  wiiler:^  hinl  Inibldes  formed  in  them.  They  mi: 
'nrnii'il  in  l.irgu  niiniliurs  on  rvi'ry  tidiil  mud  flat  and  on  every  riv 
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floodplaiu.     The  photograph  of  this  type  of  impreBsion  also  shows  im- 
presaions  of  the  type  described  under  the  next  heading. 

An  interesting  result  arising  from  the  experimental  work  on  this  and 
the  succeeding  type  of  bubbles  is  shown  in  figure  6.  In  these  experiments 
the  preliminary  work  was  done  and  the  material  was  left  to  settle  and 
clear.  In  nearly  every  case  trails  were  observed  on  the  surface  of  the 
mud.  Search  was  made  for  worms,  but  none  could  be  found.  It  was 
subsequently  observed  by  one  of  the  students  in  the  course  in  sedimenta- 
tion, Mr.  C.  0.  Carlson,  that  the  trails  were  made  either  by  floating 
bubbles  or  small  particles  of  floating  matter.  Wherever  these  touched 
bottom,  a  trail  was  made  in  the  soft  mud,  and  many  of  the  bubbles  before 
their  stranding  did  quite  a  bit  of  wandering.  It  thus  developed  that 
''worm  trails"  may  also  be  developed  by  bubbles. 

luPRBSSIONS  HADE  BY  BCBBLES  DEVELOPED  FROM  THE  EXPELLED  AlR  OP 
OVERFLOWED    SURFACES 

Impressions  formed  by  bubbles  arising  from  air  expelled  from  dry  sur- 
fa<.-es  flooded  by  sediment-loaded  waters  are  like  those  of  type  4,  where 
the  bubbles  remain  attached  to  the  mud  until  it  has  solidified  sufficiently 
t:o  as  not  to  flow.  It  has  been  found  that  when  dry  earth  is  flooded  air  is 
expel]e<]  in  large  quantities  and  impressions  arising  from  bubbles  of  this 
origin  must  be  formed  on  all  tidal  flats  at  the  times  of  flooding  and  on 
all  floodplains.  The  writer  has  observed  impressions  of  either  type  4  or  5 
in  many  parts  of  the  country  and  for  a  long  while  considered  them  to 
have  been  made  by  rain. 

lUPRESSIONS  UADE   BY   BUBBLES    FLOATING   IN   WATERS    WHICH   ARE 
GENTLY    RlSIXO   AND   FALLING 

Bubbles  floating  in  very  shallow  waters,  which  are  gently  rising  and 
falling  a  few  millimeters  liecause  of  wave  activity,  produce  pits  in  finely 
divided  muds.  If  the  bubbles  be  changing  position  while  tliey  are  thus 
rising  and  falling,  rows  of  pits  will  be  developed.  These  pits  are  approxi- 
mately the  same  dimensions  as  the  bubbles  which  produced  them.  They 
<1ilFer  from  the  pits  made  by  bubbles  of  the  origin  already  described,  in 
that  the  surfaces  of  the  impressions  are  not  smooth,  but  irregular,  the 
margins  are  not  sharp,  and  the  depressions  are  shallow.  Furthermore, 
the  motion  of  the  water  tends  to  make  them  shallower  and  ultimately  to 
obliterate  them. 
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Ihphessions  made  by  Bubbles  produced  from  Decay  op  organic 
Matter 

Bubble  impreBsioDS  formed  on  the  bottom  of  water  bodies  by  gases  ex- 
pelled from  the  mud,  the  gases  arising  from  the  decay  of  organic  matter 
contained  therein,  will  be  similar  to  the  impressions  made  by  the  bubblhi 
becoming  anchored  to  the  bottom  in  those  cases  where  the  bubbles  remaia 
attached  to  the  mud  surfaces  until  the  mud  ceases  to  flow.  If,  however, 
the  bubbles  burst  from  the  mud  explosively,  the  effect  on  its  surface  will 
be  that  of  a  small  explosion,  and  a  conical  depression  with  a  slightly  ele- 


vated margin  may  be  formed  (figure  7),  If  the  bursting  of  the  bubble* 
take  place  while  the  mud  is  in  a  fluid  form,  no  sooner  is  the  depresaioD 
formed  than  the  mud  flows  into  it,  so  that  it  loses  any  elevation  about  the 
margin  it  may  have  had  and  becomes  shallower  and  wider.  It  appears 
that,  once  a  bubble  has  formed  a  path,  others  produced  near  the  same 
point  will  follow  the  same  course,  and  as  the  mud  settles  to  the  degree  of 
not  flowing,  there  results  a  nearly  vortical  hole  which  may  extend  as  far 
down  as  the  source  of  the  hubbies.  In  holes  so  made  by  the  writer,  tlifv 
have  beun  found  to  be  open  to  a  depth  of  two  inches  from  the  surfaif  o( 
the  mud.  Holes  of  this  character  resemble  those  made  by  worms,  and  it 
is  possible  that  some  of  tlie  vertical  worm-holes  which  have  been  reporteil 
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from  diflferent  portions  of  the  geologic  colvunn  are  of  this  origin.  Im- 
pressione  of  this  origin  should  be  associated  with  sediments  rich  in 
organic  matter. 

In  the  writer's  experimental  work,  impressions  of  this  kind  were  made 
by  using  lake  muds  and  placing  yeast  for  making  bread  beneath  the  mud, 
and  also  by  submerging  caked  dry  clay  beneath  in  the  muds. 

Pit  and  mound  Stbdctureb  developed  in  rapidly  precipitated  Mod 

The  pit  and  mound  structures  in  Eindle'a  experiments  were  formed  in 
clay  precipitated  in  salt  water,  the  settling  of  the  clay  being  accompanied 
by  small  upward  currents  in  parts  of  the  mud.  The  experiments  were 
made  in  quart  milk  bottles  of  the  constricted  neck  type,  and  the  upward 
currents  made  their  appearance  at  the  beginning  of  the  constriction.  In 
vessels  with  no  constriction,  similar  structures  were  not  formed.  The  pit 
and  mound  structures  were  developed  on  the  surface  of  the  settling  clay 
at  the  places  where  the  upward  currents  discharged,  and  consisted  of 
small  mounds  of  3  to  10  millimeters  in  diameter,  each  with  a  small  crater- 
like  depression  on  its  summit,  the  depression  having  a  diameter  the  size 
of  a  pin-head  or  smaller.  Similar  structures  were  not  observed  to  develop 
in  sediment  deposited  in  fresh  water,  and  Kindle  ascribed  them  to  the 
rapid  settling  of  the  mud  induced  by  the  salt  in  the  water.  In  the  writer's 
experiments,  mud  and  water,  both  fresh  and  salt,  were  thoroughly  mixed, 
so  as  to  make  a  thick  soupy-like  fluid.  This  was  then  poured  into  tanks 
and  permitted  to  settle.  Over  the  surface  many  small  currents  of  water 
were  observed  to  be  rising  from  the  mud,  and  these  developed  small 
mounds.  The  water  appeared  to  have  been  squeezed  from  the  settling  of 
the  mud.  The  small  currents  could  be  observed  with  the  eye,  but  not 
well.  Under  the  microscope  they  were  seen  to  be  bringing  up  small  quan- 
tities of  suspended  material  and  piling  this  about  the  margins  of  the  small 
openings.  It  was  also  found  that  tlie  shape  of  the  vessel  is  not  a  con- 
trolling factor.  No  such  phenomena  were  observed  in  muds  that  were 
permitted  to  settle  gradually.  In  the  present  state  of  knowledge,  it  thus 
appears  that  structures  of  this  type  develop  wherever  large  quantities  of 
sediments  are  precipitated,  irrespective  of  whether  the  waters  are  fresh  or 
salt;  but,  as  this  is  more  likely  to  occur  in  salt  than  in  fresh  water,  it 
should  follow  that  these  structures  should  be  more  characteristic  of  de- 
posits of  the  former  than  the  latter. 

Impressions  made  by  organisms  consist  of  pits  at  the  openings  made  by 
burrowing  animals,  the  pits  made  by  floating  plants  touching  the  bottom 
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as  they  rise  and  fall  witli  the  waves,  and  Doctor  Woodworth*  has  called 
the  writer's  attention  to  the  fact  that  certain  jellyfish  may  make  pits 
under  the  same  eonditions.  Some  of  these  structures  of  organic  origin  j 
might  be  mistaken  for  impressions  made  by  other  agents.  These  stnie- 
turea  are  not  described  in  this  paper,  as  their  manifold  varieties  constitute 
a  large  task,  requiring  observations  extending  over  a  long  period  of  time. 

General  Summahv 

Excepting  the  pit  and  mound  structures  and  those  made  by  organisms, 
the  impressions  described  on  previims  pages  are  of  two  general  types: 
impressions  made  by  falling  substances  and  impressions  made  by  bubbles. 
The  former  can  be  developed  only  on  exposed  surfaces  of  mud  or  Siai, 
and,  as  those  made  on  the  latter  are  apt  to  disappear  when  the  sand  dries 
out,  it  follows  that  the  preservation  of  these  impressions  should  generally 
occur  in  dejwsits  tJiat  contain  sufficient  mud  to  hold  the  material  togetfcr 
after  drying  has  occurred.    The  bubble  impressioiiB  can  be  made  on  sur- 
faces that  are  covered  with  water  from  extreme  shallowness  to  great 
depths.     Types  5,  6,  and  7  are  favored  by  shallow  water;  type  8  iMJ' 
occur  in  waters  of  any  depth.    Tyjies  5,  6,  and  7  have  nearly  the  same 
significance  as  impressions  made  hy  drip,  rain,  and  hail,  but  they  can  not 
be  told  from  some  of  these  formed  in  tlie  manner  descriltcd  fur  type  S. 
The  buhlik's  duveldiH'i!  in  muds  rich  in  organic  matter,  wliicli  exploile  on 
rea.-bing  llie  surf.iec  r.f  tlie  mud,  make  shallow  deiiressions  wlii,li  ar.- 
niueh  like  those  made  \ty  raiii-.irop,  dri]),  liarl,  an.i  spray  and  spla.^i.  bm 
sti.'li    imprt-ssions  are  ape  to  lie  eoiiiimied  downward   liy   tubes.      Siiiw 
impressions  of  this  origin  sliovdd  oceur  must  generally  in  dejjcisits  rieh  in 
organic  matter,  while  the  ntlier  types  o(  inijiR^s.'iions  may  be  a,s.-!iieiiiti'<l 
with  any  type  of  mud.  this  I'aet  may  enable  one  to  distiiiguirth  se<liments 
whieh  were  subjeet  to  .;.\].<isure  horn  tliosu  mndL-  under  water.      If  iiu- 
pressiiins  uecur  in  se<iiinems  poor  in  organii-  matter  and  iuivc  oonsitlerable 
dislrilmtion.  it  is  jiroluble  that  tlu>y  were  formed  in  shallow  waters  who,<c 
iKittoms  were  at  times  expose<i.     IT  the  impressions  iif  such  necurreuiy 
are  margined  by  an  elevated  rim,  tliev  were  ]irobab]y  nuidc  hy  hnil,  rain, 
drip,  spray,  or  splash.     If  the  iinprcssiuns  are  in  dcposil,-;  which  are  rich 
in  organic  matter,  one  slioirid  bi'  inret'ul  in  tieeidiug  as  to  the  origin  of 
the  depowit;;.     The  raised   rim  of  Ihe  niin-drop,  hail,  drip,   spray,  and 
splash  impressions  nuiy  ncit  nlwnys  lie  presiTved,  but  as  there  are  always 
many  of  sucli  im]ire-siiiLis.  <-areful  search  may  prove  the  presence  of  the 
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From  what  has  been  stated  od  foregoing  pages,  the  writer  ia  of  the 
opmion  that  impressions  which  have  been  ascribed  to  falling  rain  are  of 
saeh  origin  in  only  a  small  percentage  of  caees.  If  this  view  be  correct, 
it  follows  that  conclnsions  based  on  the  occurrence  of  rain  impressions 
can  not  be  considered  valid  unless  data  are  given  proving  that  the  im- 
pressions were  really  bo  made.  As  a  criterion  for  the  determination  of 
dfpwits  formed  under  conditions  of  occasional  exposure  to  the  atmos- 
phere, the  occurrence  of  small  depressions  is  valuable,  but  must  be  used 
with  great  care,  and  the  determinati<m  should  always  be  made  that  the 
lifpressions  are  margined  by  elevated  rims  and  are  not  continued  down- 
ward as  tubes. 

Wherever  bubbles  or,  for  that  matter,  any  floating  objects  come  in  con- 
tact with  soft  muds,  traits  are  made  which  resemble  worm  trails  and  may 
i>e  mistaken  for  such.  As  a  general  fact,  the  trails  are  very  shallow. 
6ui)b!i!9  rising  tbrougli  mud  of  favorable  TOiisisteucy  form  vertical  tubes 
»^)iith  may  be  mistaken  for  worm  tubes. 

Impressions  of  the  types  described  arc  made  on  the  upper  surfaces  of 
strata  and  there  occur  as  depressions,  Tlieir  obverse  is  on  the  under  side 
of  the  overlying  strata,  where  tliey  occur  as  wart-like  mounds.  It  hence 
follows  that  where  impressions  made  by  rain,  bubbles,  etcetera,  are  pres- 
ent, one  is  enabled  to  tell  which  is  the  top  or  younger  side  of  a  section. 
and  this  may  give  the  key  to  the  unraveling  of  a  problem  in  complicated 
sinicture. 
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Introduction 

Concretions  may  be  divided  into  two  classes  as  to  origin:  {1)  syn- 
genetic,  or  those  which  were  deposited  or  formed  at  the  same  time  as  the 
inclosing  beds,  and  (2)  epigenetic,  or  those  which  have  been  formed  sub- 
sequent to  the  deposition  of  the  surrounding  beds.  The  syngenetic  con- 
cretions would  he  older  than  the  beds  under  them  and  younger  (for  the 
most  part,  at  least)  than  the  beds  over  them,  and  the  epigenetic  concre- 
tions would  be  younger  than  any  of  the  surrounding  beds,  because  they 
are  due  to  growth  by  the  addition  of  material  from  the  surrounding  rocks. 

'  Manaurlpt  t«el»e(I  by  the  SecrettiT  ot  the  SocIpIj-  April  16.  1«21. 
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This  classification  difTers  from  that  of  Todd,'  but  includes  his  four  classes 
in  two,  grouping  them  on  a  basis  of  their  age  relative  to  the  surrounding 
rocks  rather  than  on  the  movement  of  the  materials  in  the  concretion* 
proper.    Grabau'  follows  Todd  in  his  classification. 

There  is  evidence  to  support  each  class,  but  in  the  main  the  published 
views  favor  an  epigenetic  origin.  Within  the  last  two  years  the  writer 
has  encountered  evidenec  whicli  appears  to  strongly  favor  a  eyngenetic 
origin  for  concretions  in  shales.  This  evidence  will  be  presented  belov 
after  a  brief  statement  of  prevalent  views.  It  should  be  noted  that  this 
paper  deals  mainly  with  the  syugenetic  origin  of  concretions  rather  than 
with  the  origin  of  the  concretionary  form  itself. 

PiiEVALENT  Views  as  to  Origin 

The  recent  literature  tearing  on  the  origin  of  concretions,  though  not 
abundant,  indicates  that  tlie  prevalent  view  favors  an  epigenetic  origin. 
Pirsson  and  Schuchert*  state: 

"While  Hoine  are  ver.v  pure,  they  |  tlie  concn-tlons]  often  contain  la nire  a monntx 
of  rock  material,  and  In  some  cases  the  planes  of  stratification  can  be  seen 
pasalDg  tbrongh  them.  Their  origin  appears  to  be  due  to  material  In  the  rot^ 
tiavlDg  gone  Into  solution,  and  then  for  some  reason  having  lieen  steadily  re- 
deposited  around  certain  centers  as  neuclel,  thus  bnlldlog  op  the  concretions." 

('haniberlin  anil  Salisliurv'  niiikp  the  two  following  stHtcments: 

"The  c<)n<Tetloii  nui.v  Iw  made  up  almost  wholly  of  ooiiceut rated  malter.  in 
which  case  the  mutter  orlplimlly  In  the  place  of  the  concretion  hns  lieen 
crowded  aside:  or  it  niiiy  Involve  nnich  of  the  tiiiitcrlal  of  the  emtKHldin;  rock. 
.  .  .  Com-rctioiis  of  the  sort  Indlciitcd  iilicive  often  develop  after  the  lnclo«- 
hiK  sedlmciitiiry  riM-k  wiim  dcitoslted.  This  Is  shown,  amonfr  oilier  thinpi.  by 
the  fiic-t  that  mimcnms  pliincs  of  lamiuiitlcm  muy  sometimes  l>e  trnci-il  through 
the  niiicretlous.  Coiu-ri'tioiis  iilso  fortii  id  water  iluririK  the  deposition  of  sedi- 
niontiirj'  n.i'k." 

Tlicy  refer  in  tlic  la*t  sentence  to  oolites  ajiil  pisolites. 
Clelaml"  states  tlial  ciiiuTctions  niav  be  of  both  svngcnetic  and  epi- 
genetic origin.    He  iitut^'s: 

ck  coiitiiiidn):  them  is  tinrdened  [Indn- 
Ihey  are  often  cut  by  Jointx,  and  (:!l 


11lt:t.  pp.  718  ind  763. 

tlKK-k  of  gpology.  1015.   p.  273. 

iJiiRy,  vol.  1.  pp.  492  and  41}fl. 
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wh*>n  they  contalu  fosxlls  these  remainH  are  seldom  flattened  by  the  pressure 
of  the  overlying  rocks  an  are  those  In  the  surroundln)!  shale.  Although  man.v 
of  the  coiicretlous  wblcli  occur  in  sedimentary  rocks  were  formed  while  they 
were  In  an  uncontiolidated  state  and  1>efure  they  were  deeply  hurled,  there  Is 
110  douht  tliat  Home  were  formed  after  the  sediments  had  t>een  consolidated 
Into  rock." 

J.  H.  Gardner'  holds  that  certain  cone  ret  ions  whk'li  arc  largely  argil- 
laceous "arc  eontcraporaneouK  with  the  strata  in  which  they  i^re  con- 
tained." These  argillaceous  concretions  may  be  flattened  clay  balls, 
atxording  to  his  view. 

R.  A,  Daly'  has  described  the  concretions  in  the  ahale  at  Kettle  Point. 
Ijanifaton  County,  Ontario.  He  states  that  these  concretions  occur  in  well 
laminated  bituminous  shales  and  are  pure  calcium  carbonate.  They  arc 
spherical,  have  a  radial  structure,  and  have  pushed  the  bed^ling  planes 
apart.  Daly  states  that  the  concretions  were  formed  in  place  within  the 
sliflle.  hut  that  they  antedate  tlie  period  of  joint  ilevelopinent  and  final 
consolidation  of  the  surrouniling  rock. 

It  is  not  unlikely  that  concretions  have  been  formed  shortly  after  the 
first  deposition  of  the  sediments,  as  Daly  suggests  was  the  case  at  Kettle 
Point,  but  it  is  not  improbable  that  the  concretions  at  this  locality  are 
syngenetic.  Their  occurrence  along  a  definite  plane,  their  radial  struc- 
ture and  large  size,  which  implies  an  abundance  of  material,  all  favor 
this  view. 

In  connection  with  the  last  statement,  that  concretions  might  be  formed 
ill  sedimenlA  shortly  after  their  first  deposition,  the  possible  effect  of 
Liesegang's  rhythmic  precipitation  sliould  be  mentioned.  S.  C.  Brad- 
ford,* in  conducting  some  experimental  work  on  the  Liesegang  phenom- 
enon, observed  certain  concretionary  growths  in  various  zones  in  bis  agar 
pel.  He  pointed  out  that  this  might  explain  tlie  concretionary  structure 
of  certain  limestones  and  marls.  Such  an  origin  would,  of  course,  be 
epigenetic,  as  defined  in  this  paper.  There  would  seem  to  be  little  to 
support  the  view  that  a  calcareous  mud  is  capable  of  supporting  the  move- 
ment of  materials,  as  is  demanded  by  the  Liesegang  phonomenon  and  is 
so  beautifully  shown  by  gels.  Experimental  stu(lie'>  along  these  lines  and 
dealing  with  the  materials  of  rocks  are  to  be  desired. 
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Other  citatioDB  are  possible,"  but  these  are  sufficient  to  indicate  the 
line  of  thought  as  expressed  in  recent  text-books  and  articles. 

There  is  abundant  evidence  tJiat  concretions  in  sandstones  are  epige- 
netic,  and  very  probably  the  same  is  true  of  concretions  in  any  permeable 
formation.  Shale,  in  contrast  to  sandstone,  is  an  impermeable  rock,  as 
is  proven  by  its  being  the  confining  formation  for  undergroond  waters 
and  for  oil  and  gas.  Concretions  in  shale,  therefore,  present  a  more  diffi- 
cult problem.  As  indicated  by  the  above  quotations,  where  the  bedding 
planes  of  the  inclosing  rock  pass  directly  throu^  the  concretion,  cementa- 
tion of  the  rock  material  in  place  is  evident.  The  discoid  form  so  com- 
mon in  concretions  has  been  interpreted  to  confirm  the  same  method  of 
origin,  deposition  following  the  bedding  planes.  This  form,  however, 
may  be  due  to  flattening  by  pressure,  aa  the  writer  has  shown  to  be  the 
case  in  chert  concretions  in  the  Burlington  limestone.*^  Strong  evidence 
of  an  epigenetic  origin  would  be  the  sharp  crumpling  of  the  beds  at  the 
sides  of  the  concretion  aa  it  expanded  through  lateral  growth.  Singu- 
larly enough,  such  crumpling  is  absent  from  all  concretions  in  shale  which 
the  vriter  has  been  able  to  examine. 

Field  Studies  op  Concretions  in  Shale 
c0ncrbtios8  i«  tbe  pbskbylvasias  (cbsrokbe)  bbals8  ih  ltl880dki 

Concretions  occur  in  a  three-foot  bed  of  black  shale  in  the  Pennsvl- 
vanian  shales  in  Boone  County,  Missonri,  The  concretions  range  in 
diameter  from  one-quarter  of  an  inch  to  twelve  inches.  They  are  com- 
posed of  kaolin  and  silica  and  are  only  slightly  calcareous.  The  larger 
concretions  contain  well  preserved  fossils  in  the  outer  part  or  on  the 
upper  surface.  Usually  the  concretions  are  elliptical  in  cross-section  and 
circular  to  elliptical  in  plan.  Irregular  forms  also  occur  and  many  ire 
rudely  symmetrical. 

The  relationship  of  the  concretions  to  their  surrounding  beds  is  of 
especial  interest.  The  concretion  rests  in  a  shallow  cup  and  the  remain- 
ing beds  arch  over  it.  No  stratification  lines  pass  through  the  concre- 
tions. Since  the  greater  thickness  of  beds  arches  over  the  concretion,  the 
bend  at  the  sides  would  be  very  abrupt,  were  it  not  for  the  fact  that  small 
lenticular  beds  lie  in  this  pocket  next  to  the  concretion.  These  rapidly 
pinch  out  away  from  the  concretion  and  are  apparently  due  to  material 

I*  The  writer's  atteotloD  baa  been  caUed  to  fto  eiceUenI  article  by  J.  H.  Anni  SbeldoD, 
"(.'ODcretloDi  from  Champlaln  clara  of  the  Cooaectlcat  VaUey,"  Boston,  1900,  wblch  bu 
a  verf  flue  blbllograpb}',  but  be  bas  been  unable  to  see  the  orlglDal. 

"  W.  A.  Tarr :  Origin  of  tbe  cbert  Id  tbe  BurlloKton  llmeatonp.  Am.  Jour.  8cl..  tbI 
iIIt,  lOlT.  p.  138. 
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slipping  off  tlie  steep  sides  of  the  concretion  and  accnmnlating  around  it 
(^  figure  1).  Ab  bnrial  proceeded,  the  normal  bedding  planes  passed 
oier  the  concretions  and  eventually  all  evidence  of  the  concretion  died  out. 
A  feature  of  considerable  import  noticed  on  these  concretions  was  their 
Mrlied  slickensides.  These  were  on  both  the  under  and  upper  sides,  but 
ffere  far  less  perfectly  developed  below.    In  the  entire  absence  of  evidence 


Fifan  Bhale  in  Boone  CouHlp,  tUsiouH 
the  treddlDg  plants. 

uf  lateral  growth,  such  as  crumpling  of  the  beds,  which  would  be  necea- 
ary  in  these  beds,  because  the  concretion  is  not  due  t«  local  cementation, 
L'i  ^hown  by  the  stratification  planes  passing  over  and  not  through  them, 
it  must  be  concluded  that  the  slickensides  are  due  to  upward  growth  sub- 
se<]n«Dt  to  deposition,  or  that  the  beds  slipped  down  around  the  concretion 
during  consolidation. 


The  lower  part  of  the  Graneros  shale  (Cretaceous)  in  the  northern 
Bliek  Hills  contains  many  concretions.    Some  of  the  best  of  these  are  in 


•  Jlowry  shale  member.  These  concretions  attain  a  length  of  6  or  7 
t  and  a  thickness  of  15  to  18  inches.  They  are  circular,  elliptical,  and 
egular   in   plan  and  distinctly  lenticular  in  cross-section,   becoming 
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rather  thin  near  the  edges.  The  concretions  are  composed  of  shale  and 
silica  and  are  very  hard.  Thcv  lie  along  one  bedding  plane,  but  thrre  is 
no  regularity  in  the  lateral  spacing  or  in  their  size.  Occasionally  tlwj 
show  a  very  fine  septarian  development,  A  band  of  eone-in-cone  fre- 
f[uently  occurs  along  the  top  of  these  concretions.  This  band  in  some 
instancef!  was  three  inches  thick. 

The  bedding  planes  in  those  studied  curve  under  and  over  the  eonm- 
lions.  The  coiiL-retions  themselves  show  jtarallel  lines  of  slTaiifia^io*, 
liul  lliei/  end  with  the  concretion  and  are  not  continuous  or  connecl*d 
with  those  of  the  surrounding  beds  (see  figure  2),  There  is  apparenll; 
hut  one  conclusion  to  draw  from  such  occurrence,  and  that  is  that  the 
concretion  antedates  the  overlying  beds  and  is  subsequent  to  the  Wsil 
rests  on,  since  its  own  banding  is  independent  of  both. 


Concretions  are  very  abundant  in  the  Carlisle  shale  in  the  norlliem 
Black  Hills  region.  The  formation  is  a  dark  gray  to  black  shale  about 
600  feet  thick.  The  concretions  are  especially  well  developed  in  the  lower 
and  upper  parts.  Near  the  base  are  several  tines  of  flat,  ellipticfll  ™n- 
cretions,  around  which  the  bedding  planes  pass.  A  short  distance  above 
these  are  some  very  large,  more  or  less  spherical  concretions,  which  attjiD 
a  diameter  of  several  feet.  They  are  composed  of  sandy  limestone  and 
are  horizontally  banded  like  the  adjacent  shales.  Septarian  cracks  give 
a  radial  and  conceiitrii'  ajiiit'a ranee  to  them.     Horizontal  bands  of  core- 
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PIBLD  STUDIES  OP  C0NCRKTI0N8  IN   SHAI.K 
IS  THE  CRBTACl 


Concretionfl  occur  in  the  Pierre  shale  in  the  same  region  mentionetl 
above  for  the  Graneros  anil  Carlisle.  Although  not  so  common,  when 
they  do  occur  it  is  always  along  one  hedding  plane.  This  distribution 
along  one  plane  is  well  shown  in  an  illustration  in  an  article  on  the  con- 
cretiona  of  the  Pierre  shale  by  Carrie  A.  Barbour,'^  They  are  extremely 
ftrruginous,  calcareous  concretions  and  are  alwaye  found  in  dark  shales. 


5jcattered  calcareous  concretions  occur  in  the  black  Claggett  shales  in 
northern  Montana  and  southern  Saskatchewan.  Although  they  are  not 
numerous,  they  are  found  along  one  plane  and  are  usually  elliptical  and 
('mail,  less  than  a  foot  in  diameter.  Nothing  could  be  determined  as  to 
their  relationship  to  the  bedding  planes,  beyond  the  fact  that  different 
lines  of  concretions  followed  one  plane. 

Origin  of  the  Concretions 

The  significant  points  noted  above  are  (1)  concretions  in  shales  are 
dominantly  along  planes  which  are  variously  spaced  vertically;  (2)  the 
bedding  planes  curve  around  the  concretions  in  every  case  where  this 
relationship  was  determinable ;  (3)  in  at  least  one  instance  the  concretion 
contained  bedding  planes  not  continuous  with  the  surrounding  planes 
which  curved  around  the  concretion ;  and  (4)  they  may  show  slickensides. 

These  points  are  believed  to  indicate  a  syngenetic  origin  for  the  con- 
cretions for  the  following  reasons:  The  recurrence  of  planes  of  concre- 
tions, without  isolated  concretions  between,  points  to  a  varying  source  of 
material  in  the  water  in  which  the  sediments  were  being  deposited. 
When  the  concretions  are  mainly  calcium  carbonate,  as  they  are  in  the 
Carlisle,  Pierre,  and  Claggett  shales,  de]>oyition  occurred  when  the  lime 
i^alts  in  the  water  reached  the  saturation  point.  Since  the  concretions 
are  dietributetl  along  each  plane,  it  is  readily  seen  that  had  tliis  amount 
of  cahiiuni  carbonate  been  greater,  a  thin  bed  of  limestone  would  have 
resulted.  Geologists  have  long  ac(-epte<l  without  quetition  the  fact  tliat 
alternating  beds  of  shale  and  limestone  are  due  to  differences  in  the  rate 
of  uupply  of  calcium  carbonate  and  of  its  reaching  the  saturation  point. 
Whv  the  calcium  carbonate  should  take  the  concretionary  form  instead 
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of  being  uniformly  distributed  muBt  be  determined  by  future  studies.  It 
is  not  improbable  that  an  excessively  rapid  precipitation  would  mean  it 
bed  of  limestone  and  a  slower  rate  would  result  in  the  material  assumiog 
a  concretionary  form.  It  ia  apparent  that  the  eucoeseive  recurrence  of 
planes  of  calcareous  concretions  and  the  recurrence  of  successive  beda  of 
limestone  have  bo  much  in  common  that  the  above  view  as  to  their  syn- 
genetic  origin  of  the  concretions  in  shales  is  just  as  probable  as  the  viev 
of  the  syngenetic  origin  of  beds  of  limestone  when  both  occur  interbedded 
with  shales. 

In  all  the  instances  where  the  relationship  of  the  concretion  to  the 
surrounding  beds  could  be  studied  it  was  found  that  the  lines  of  stratifi- 
cation went  around  the  concretion.  When  the  major  part  of  these  lines 
go  over  the  concretion  it  suggests  a  syngenetic  origin  with  eubseqnent 
burial.  Growth  subsequent  to  deposition  would  produce  an  arching  of 
the  beds,  unless  the  concretion  is  the  result  of  cementation.  If  the  con- 
cretitm  is  spherical,  as  the  majority  of  them  are,  this  arching  of  the  beds 
would  leave  a  y-shaped  opening  entirely  surrounding  the  form.  This 
opening  should  be  filled  if  laterally  moving  solutions  were  bringing  in 
material  and  the  wncretion  would  lose  its  spherical  form.  This  type  is 
rare.  In  the  concretions  from  the  Pennsylvanian  in  Missouri  this  space 
was  filled  by  thin  lenses  of  shale,  the  material  having  accumulated  around 
them  after  they  had  attained  their  present  size  (see  figure  1). 

When  the  lines  of  stratification  curve  around  the  concretion  and  when 
the  concretion  shows  lines  of  stratification  which  are  independent  of 
those  around  it,  the  evidence  appears  convincingly  favorable  to  a  synge- 
netic origin.  The  stratification  lines  in  the  concretion  developed  as  the 
material  which  formed  it  (largely  silica  and  kaolin  in  the  Mowry  shale 
member  in  the  northern  Black  Hills)  accumulated.  With  a  fresh  influi 
of  mud,  further  growth  was  cut  off  and  the  concretion  was  buried. 

The  slickensides  on  some  concretions  are  open  to  more  than  one  inter- 
pretation. If  considered  alone,  they  conld  be  due  t«  the  beds  being 
pushed  up  by  growth  or  to  the  beds  slipping  down  around  the  concretion. 
When  studied  in  connection  with  the  arching  of  the  beds  and  the  lack  of 
lines  of  stratification  passing  through  the  concretion,  they  are  taken  to 
mean  that  the  beds  during  consolidation  settled  down  around  the  concre- 
tion. Further,  when  the  concretions  are  of  the  same  material  as  the 
shale,  largely  kaolin  and  silica,  and  are  not  due  to  cementation,  their 
volume  (see  below)  favors  a  syngenetic  origin,  as  it  is  impossible  that 
they  could  have  displaced  so  much  rock  by  pushing  it  aside. 
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GORBELATIVE    EVIDENCE   OP   SYNOENETIC    OuiOlN 
P0B8ILIFBROVB  OONCRgTIOyB 

Last  year  the  writer  read  a  short  paper  to  the  Geologic  Section  of  the 
American  Association  for  the  Advancement  of  Science  on  the  syngenetic 
origin  of  the  concretions  in  the  Pennsylvanian  shales  in  Uissouri,  and  in 
the  short  discnsaion  which  followed  the  point  was  made  by  David  White 
and  others  that  the  beautifully  preserved  fossils,  both  plant  and  animal, 
so  frequently  found  in  concretions  were  certainly  favorable  to  their  syn- 
genetic  origin. 

The  concretions  which  arc  eo  abundant  in  the  sandy  shales  along  Mazon 
Creek,  Grundy  County,  Illinois,  furnish  excellent  examples  of  the  won- 
derful preservation  of  organic  remains  in  concretions.  The  fossiliferous 
concretions  are  especially  abundant  in  a  nearly  pure  clay  shale.  Leo 
Lesquereux"  makes  the  following  statement  regarding  them : 

"The;  appear  to  have  been  formed  by  superitosltloD  of  concentric  laj^rs  of 
slowly  deposited  carbonate  of  iron  or  ferruginous  clay  around  central  nuclei, 
wMch  are  moat  commonly  parts  of  plants,  bones  of  fishes,  or  the  remains  of 
insects  and  cmstacea.  Their  size  and  form  vary  according  to  that  of  the  body 
around  which  the  deposit  has  been  made." 

He  states  further : 

"It  is  not  clear  whether  the  flattening  of  some  of  tbe  Bpedmens  is  the  result 
of  compression." 

Cylindrical  stems  preserve  their  original  shape.  Discussing  their  ori- 
gin, this  interesting  statement,  especially  in  the  light  of  Harder's  val- 
nable  studies  of  iron  bacteria,  is  made : 

.  .  .  "tbe  nodules  of  Mason  Creek  rather  seem  to  be  the  work  of  Infusoria 
or  BacUlarla  concentrating  raolecnles  of  Iron  around  some  centers,  as  it  now 
happens  in  the  formation  of  bog  Iron  ore."    .    .    . 

Lesqnereux  makes  the  following  remarks  about  the  perfect  preservation 
of  even  the  minutest  detail  of  the  plants : 

"The  plnnie  or  leaflets  of  ferns  are  always  found  in  them  in  a  flattened  posi- 
tion, their  axis  or  rachle  extending  through  the  center  of  the  elongated  nodule, 
with  the  divisions  on  both  aides ;  the  surface  of  the  pinnules,  slightly  swollen, 
as  when  In  their  living  state,  Is  marked  by  recognizable  hatrs  or  fruit  dots, 
with  distinct  veins  and  velnlets,  and  their  appendages,  like  the  scales,  are  seen 
In  the  various  modifications  which  they  present  In  living  spectmeiiB.  .  .  . 
The  smaller  organs  of  plants  appear,  therefore.  In  a  better  state  of  preserva- 

"  Lieo  Leaquereui :  Geologlral  Surre;  ot  TIHdoIb.  vol.  It,  pp.  481-lSM. 
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tloii  than  In  the  sbaleH.  With  small  anlmalf  like  cruHtaceatut,  ncorplom*.  in 
seotm  of  a  fleshy  and  very  delicate  texture,  tbe  prenen-atlon  of  form  Is  sttll 
more  remarkable.  They  are  found  entombed  In  tbe  middle  of  nodulee,  jn^  as 
if  they  were  In  life,  or  bh  If  they  bad  l>een  trannformed  Into  Htone  while  still 
living.    The  frulta  or  nutletn  are  not  flattened." 

Ituinarking  furtluT  in  regard  to  their  preservation,  he  makes  this  com- 
ment: 

"Yet  OH  the  anImalH  and  plants  of  m>ft  teicture  .  .  .  have  not  fet  l>een 
found  in  the  shale  of  <iur  Amerlcau  Coal  Measures,  It  is  evident  (hat  tlirsr 
rematns  have  been  Kenerally  destroyed  by  maceration,  and  only  escaped  lotsl 
destruction  by  their  enlombment  in  thexe  noflules." 

Certainly  in  such  instances  as  these  there  can  be  bnt  little  doubt  that 
the  fossil  form  was  so  completely  inclosed  before  burJal  that  the  presence 
of  the  superincumbent  beds  did  not  crush  in  the  sli^test  degree  the 
organic  forms.  The  iron  carbonate  of  which  the  concretions  are  largely 
composed  was  evidently  deposited  around  the  organism  before  furtlwr 
sedimentation  occurred. 

No  doubt  instances  of  equally  well  preserved  organic  remains  witliin 
concretions  have  come  to  the  notice  of  many  paleontologists  and  geol- 
ogists. 

PHYSICAL  FACTORS 

Shales  are  recognized  as  impermeable  rocks.  They  form  the  cap  for 
most  oil  and  gas  pools,  as  well  as  the  overlying  rock  in  water-bearing 
sands.  The  movement  of  water  through  such  rocks  is  at  a  raininiuni. 
Movement  does  not  take  place  even  along  bedding  planes,  and  witli<iut 
movemeut  of  water  the  material  in  the  concretions  could  not  be  aggri'- 
gated. 

When  the  concretions  are  largely  silica  and  clay  end  are  covered  willi 
numerous  calcareous  fossils  which  are  splendidly  preserved,  the  difficul- 
ties of  explaining  the  source  of  the  materials  or  accounting  for  an  ade- 
quate transportation  agent,  and  explaining  why  the  calcareous  fossils 
should  l>e  aggregated  at  that  particular  point  and  not  be  replaceil  by  tl»' 
incoming  material,  make  an  epigenetic  origin  appear  impossible.  Tlio 
fossils  are  eniliedded  in  the  material  of  the  wmcretions  in  the  Pennsyt- 
vanian  of  Missouri.  They  have  every  appearance  of  having  fallen  Into  .1 
soft,  jelly-like  mat4.>rial  and  having  been  there  protected  from  further 
alteration  or  deformation.  If  the  silica  in  the  concretions  had  been  in  it 
colli>idal  state,  as  the  writer  has  shown  to  be  the  case  for  the  chert  in  the 
Durtington  limestone,  the  numerous  fossils  in  association  with  the  cim- 
orctioiis  is  more  readilv  undcrsfiHid. 
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The  task  of  aggregating  tlirough  ground -water  action  tlie  enormous 
volume  of  calcareous  material  involved  iii  the  limestone  eoncretione  in 
the  Carlisle  shale,  for  instance,  where  they  arc  very  numerous  along 
plaiicR  at  an  average  interval  of  20  feet,  wouhl  have  been  a  Herculean 
task,  even  for  ground -water.  Had  tlie  calcareous  material  been  distrib- 
utei]  originally  along  one  plane,  then  the  concretions  should  be  elliptical 
in  cross-section,  as  the  major  part  of  the  deposition  would  be  at  the  sides. 
If  the  calcareous  material  was  originally  distributed  throughout  the 
shale,  the  concretions  should  be  irregularly  distributed,  for  the  uniformity 
of  the  shale  would  not  favor  segregation  Uy  ground-water  along  certain 
|>laues.  This  distribution  along  one  plane  and  of  suc(«ssive  planes  of 
concretions,  if  one  accepts  a  syngenetic  origin  of  them,  would  be  depend- 
ent on  the  laws  controlling  an  alternating  weries  of  shales  and  limestones, 
or  that  controlling  the  deposition  of  colloidal  silica,  as  chert. 

The  volume  of  some  of  the  large' concretions  in  shales  should  be  con- 
sidered. The  materials  composing  the  shale  may  be  regarded  as  insol- 
uble, as  far  as  this  problem  is  {■oncerned.  A  volume  of  shale  etjual  to  that 
iif  the  concretions  must  be  displaced.  Taking  a  large  concretion,  such  as 
tiiosc  in  the  lower  part  of  the  Carlisle,  where  some  concretions  are  5  to  6 
feet  in  diameter,  the  volume  ranges  from  (>.)  to  315  cubic  feet.  Com- 
pression due  to  expansion  by  growth  can  hanily  account  for  the  develop- 
ment of  this  space,  and  neitlicr  would  many  of  us  acci'pt  the  view  that 
tiiii*  volume  of  shale  had  been  removed  in  solution.  A  syngenetic  origin 
does  not  encounter  this  objection. 

SUMMARY 

Most  concretions  which  occur  in  shales  are  probably  of  syngenetic  ori- 
gin. Concretions  found  in  the  I'ennsylvanian  in  Missouri  and  Illinois 
and  in  the  Cretaceous  in  .South  Dakota,  Wyoming,  Montana,  and  south- 
ern Saskatchewan  present  evidence  which  stnmgly  supports  this  view. 

This  evidence  is  as  follows : 

(1)  The  concretions  are  arranged  along  one  plane. 

(2)  There  are  frequently  successive  planes  of  concretions  in  a  forma- 
tion. 

(3)  Their  volume  is  too  large  to  Ik-  accounted  for  by  an  epigcnetic 
gniwth,  without  cementation  of  previously  existing  materials. 

(4)  The  inclosing  licds  arch  over  the  concretions. 

(.'>)  The  sides  are  slickensided  bv  a  slipping  down  of  the  Ix'ds  around 
tlio  concretion. 

(6)  In  a  few  iii.stanct's  it  was  determined  that  the  stratification  planes 
in  the  concretions  were  distinct  from  those  in  the  inclosing  beds. 
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Frevaimnq  Opinion  in  regard  to  Origin  of  Gypsdm 

Tile  prevailing  opinion  seems  to  be  tliat  most  of  the  important  gypsum 
(iei>osits  of  the  world  have  been  formed  under  "salt-pan"  conditions. 
This  opinion  is  held,  even  though  many  persons  have  pointed  out  tbe 
difficulties  which  the  theory  involves. 

The  classical  illustration  of  the  "salt-pan"  theory  for  gypsum  deposits 
is  found  in  certain  nearly  detached  basins  at  the  eastern  end  of  the  Cas- 
pian Sea  and  elsewhere.  Conditions  in  these  basins,  however,  in  at  least 
one  important  particular,  differ  from  those  that  characterize  gypsum 
deposits.  Myriads  of  organisms  are  drawn  into  the  basin  from  the  Cas- 
pian Sea  and  perish  in  its  denser  brine.  Gypsum  deposits,  on  the  other 
band,  are  generally  devoid  of  fossils.  To  avoid  this  difficulty,  certain 
stndeuts  of  the  problem  have  postulated  a  second,  or  inner,  basin  in  which 
the  brine  reaches  the  gypaum-depositing  stage.  According  to  this  con- 
ception, the  remains  of  organic  life  would  be  deposited  in  the  intermediate 
basin,  together  with  some  of  the  lime  carbonate. 

'  Bcvised  nianuicript  rehired  br  Ihe  SecreUrr  of  the  Society  Ma;  2,  ISSl. 
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Difficulties  of  generally  acckpted  Theory 

Theories  that  seek  to  explain  extensive  deposits  of  gypsiim  as  the  direct 
result  of  tlie  evaporation  of  brines  in  natural  basins  are  quite  involved. 
They  require  the  nitv  adjustment  of  a  number  of  factors,  and  at  best  they 
fail  to  wholly  explain  how  thirk  beds  of  practically  pure- mineral  can  be 
formed  free  from  time  carbonate  and  silt  and  devoid  of  fossils.  « 

\o  extensive  beds  of  practically  pure  gypsum  due  to  the  evaporation 
of  sea-water  are  known  to  be  in  process  of  formation.  Gypsiferous  beds 
due  to  the  evaporation  of  saline  waters  are  forming  in  a  great  maiic 
localities,  but  the  gypsum  is  present,  either  as  scattered  crystals  in  ranil 
or  as  thin  streaks  with  other  salts.  On  the  other  hand,  extensive  beds  of 
practically  pure  gypsum  are  today  being  formed  by  other  agencies. 

In  1910  F.  li.  Hess'  grouped  gypsum  deposits  in  four  classes.  His 
arrangement  of  these  classes  deserves  notice : 

1.  Efflorescent  deposits. 

3.  Periodic  lake  deposits. 

3.  Interbedded  deposits. 

4.  Veins. 

The  text  of  the  bulletin  gives  the  impression  that  "efflorescent  deposits" 
is  purposely  placed  first  Apparently  he  arrived  at  this  arrangement  and 
classification  because  his  studies  were  made  in  California  and  incluiled 
large  arid  areas  where  interesting  gypsum  deposits  occur. 

K.  W.  Stone,  whose  bulletin  on  "Gypsura  deposits  of  the  United 
States"  *  is  just  from  the  press,  adopts  a  similar  classification  for  gypiiam 
deposits  derived  from  solutions,  fie  further  adds  deposits  produced  by 
alteration  and  deposits  produced  by  disintegration  and  mechanical  reac- 
cumulatiou. 

Although  these  classifications  reduce  the  emphasis  laid  on  deposits  due 
to  direct  evajioration  ot  brines,  the  evidence  seems  to  show  that  extensive 
deposits  of  gypsum  of  this  sort  are  extremely  rare,  if,  indeed,  they  exist 
at  all. 

TiiK  Lime  Carbonate  Problem 

In  the  first  place,  the  difficulties  growing  out  of  tiie  presence  of  lime 
carbonate  in  sea-water  are  greater  than  is  generally  realized.  Prof.  Julius 
Stieglitz,  in  an  interesting  discussion  of  the  relations  of  equilibrium  be- 

'  F.  L.  ileus :  A  pfionniilKBance  of  the  sjiisum  dpposltii  o(  raUtornla.  V.  S.  Oeol.  Sur- 
vey BullPdn  41M.  1010. 

'GyiiKiiui  depoHlts  of  Itw  Vaitpd  SiRti'i.     V..  S.  GfoI.  8iirver  BullctlD  607.  1020. 
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tween  carbon  dioxide  in  the  atmosphere  and  the  calcium  sulphate,  calcium 
carbonate,  and  calcium  bicarbonat*  of  water  solutions  in  contact  with  it,* 
makes  it  plain  that : 

1.  If  the  natural  waters  of  the  earth  were  supposed  to  contain  only 
lime  salts — that  is,  tlie  sulphate,  carbonate,  and  bicarbonate  in  equilib- 
rium with  the  carbon  dioxide  of  the  atmosphere — and  if  the  average  par- 
tial pressure  of  carlwn  diovide  in  the  atmosphere  were  tlic  same  as  at 
present  (0.0003  atmosphere),  by  evaporation  the  gypsum  would  be  pre- 
cipitated with  contamination  of  ,9  per  cent  of  calcium  carbonate.  If  the 
carbon  dioxide  were  reduced  to  1/10  the  amount  in  the  present  atmos- 
phere— a  condition  hardly  conceivable — the  gypsum  would  still  be  pre- 
cipitate<l  with  contamination  of  calcium  carbonate,  though  the  amount 
would  be  reduced  to  .3  per  cent.  If  the  carbon  dioxide  were  increased  to 
10  times  the  amount  in  the  present  atmosphere,  the  calcium  carbonate 
contamination  would  increase  to  2.^.5  per  cent. 

2.  The  presence  of  other  sulphates  which  might  lie  found  in  sea-water 
would  increase  the  calcium  carbonate  contamination  of  the  gypsum. 

3.  An  increase  of  temperature  by  decreasing  the  coefficient  of  absorp- 
tion of  carbon  dioxide  would  possibly  be  a  favorable  factor  in  the  forma- 
tion of  pure  gypsum  by  evaporation  of  sea-water.  Such  increase  in  tem- 
perature, however,  would  probably  come  with  an  increase  in  the  amount 
of  carbon  dioxide  in  the  atmosphere,  and,  as  has  been  noted,  an  increase 
in  the  carbon  dioxide  qontent  of  the  atmosphere  means  a  rapid  increase 
in  calcium  carbonate  contamination  of  tiie  gypsum. 

4.  The  presence  of  very  large  amounts  of  sodium  chloride  {about  8  to 
2-')  per  cent)  would  have  a  tendency  to  redui'e  the  calcium  carbonate  con- 
tamination. 

Htieglitz  calls  attention  to  Usiglios  work  on  mediterranean  water, 
where  calcium  sulphate  began  to  be  deposited  when  the  water  reached  the 
den.sity  of  1.13,  which  corresponds  to  a  chloride  content  of  17  per  cent. 
This  concentration,  Stieglitz  states,*  was  reached  in  Cameron's  experi- 
mrnts  for  solution  7,  from  which,  going  to  solution  8,  gypsum  would  be 
obtained  with  about  .8  per  cent  of  carbonate. 

~).  "Kvcn  If  the  icrent  muiw  of  :in  excv^K  vt  cal^'lum  curliiiiiute  in  a  solution 
were  deptwltetl  first  hi  nome  orher  liH-uUty  Iwfore  the  iH)lut  of  sjituratlim  for 
K.vpsam  were  reuclie<1,  the  retiulremeuts  for  eyullitirluiii  wuuld  be  such  an  lo 
hoUI  carbonate  In  solution  and  to  tniike  the  ijuestiun  of  the  place  of  deposit  of 
the  eswsB  of  carlxiuute  In  the  Hrst  Instance  one  of  uo  moment." 


•The  tidal  aod  utbrr  prDblraiK.     I'ubllHbrd  by  thr  CaroeRlr  iDHIItiillui 
llHin. 

'Tie  tidal  BQd  otbrr  problnDH.     I'nnirKic  Inxt'liitlon  nt  WasliliiKton,  1 
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As  a  result  of  Stieglitz'  work,  it  seems  necessary  to  draw  the  conclnsion 
that  it  is  very  unlikely  that  gypsum  that  contains  less  than  one-half  of  1 
per  cent  of  calcium  carbonate  was  formed  under  salt-pan  conditions. 

Inasmuch  as  there  are  many  published  analyse  of  gypsum  which  con- 
tain less  than  one-half  of  1  per  cent  of  calcium  carbonate,  it  seems  neces- 
sary to  take  such  deposits  out  of  the  salt-pan  class  or  else  to  suspect  that 
the  analyses  were  not  made  with  sufficient  care  with  reference  to  calcium 
carbonate.  In  some  cases  there  is  ground  for  doubting  the  accuracy  of 
the  analyses.  Recent  analyses  of  the  Fort  Dodge,  Iowa,  gypsum,  for  in- 
stance, show  sufficient  calcium  carbonate  to  permit  the  suppt^ition  that 
they  were  deposited  from  sea-water,  though  earlier  analyses  had  shown 
no  carbonate.  Analyses  of  a  great  many  interesting  and  important  de- 
posits remain,  however,  that  record  no  lime  carbonate,  and  unquestionably 
some  of  these  analyses  were  carefully  made  and  correctly  represent  the 
composition  of  the  deposit.  This  list  of  carbooate-free  deposits  contains 
those  in — 


Montana : 

Montana : 

Dooglas, 

Great  Falls, 

Empire  Mountain. 

Annincton, 

CaMomla: 

Boulder. 

Ambo)', 

New  Mexico: 

Palmdale. 

White  Sands  of  Alamogord; 

Florida : 

Oklahoma : 

PenaeolTkee. 

Cenjent, 

Iowa: 

Medicine  Lodge, 

Centervllle. 

Southard. 

Kansas: 

UUb: 

Kll&g. 

Lovan, 

Nephl. 

Wrotnlng: 

Red  Buttes. 

Certain  portions  of  the  gypsum  in  Virginia  and  at  Medicine  Lodge, 
Kansas,  contain  lime  and  magnesium  carbonate,  while  other  portions 
seem  to  contain  no  carbonate. 

From  the  study  of  published  descriptions  of  gypsum  beds,  it  is  appar- 
ent that  in  most  instances  these  beds  rest  directly  on  shale  or  sandstone. 
This  seems  rather  remarkable,  in  view  of  the  amount  of  calcium  carbonate 
in  ocean  water  and  in  the  waters  of  rivers  in  arid  regions.  Some  of  this 
carbonate  may  have  been  segregated  near  the  entrance  of  the  receiving 
basin.  Agencies  that  result  in  such  segregation  have  been  pointed  out  by 
numerous  observers.  Nevertheless,  it  is  not  clear  what  becomes  of  much 
of  the  carbonate,  over  and  above  that  which  Stieglitz  has  shown  must 
come  down  with  the  gypsum. 
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E.  B.  Branson*  states  that — 

"A  40-foot  bed  of  gypatun,  reeultlng  from  the  evaporation  of  67,000  feet  of 
normal  sea-water,  should  have  nearly  3  feet  uf  timestoDe  below  It,  if  the  erap- 
oratlon  all  took  place  In  a  reetiicted  baiiln ;  but  If  the  waters  were  widespread 
In  the  beginning,  about  half  of  the  limestone  might  be  deposited  over  the  wider 
area,  as  more  than  half  of  the  CaCOi  precipitates  when  the  volume  of  sea- 
water  la  reduced  about  SO  per  cent,  and  the  limestone  beluw  the  gypsum  might 
be  less  than  2  feet  In  tbtckneas.  The  writer  lias  not  seen  limestone  immedi- 
ately below  the  gypsum  at  any  place  In  the  Red  Beds." 

The  localities  listed  above  as  containing  important  gypsum  deposits 
free  from  lime  were  selected  because  it  was  felt  that  the  analyses  were 
carefully  made,  and  that  the  analysis  represented  the  average  of  the 
mineral  body  and  not  merely  a  selected  sample.  For  this  reason  particu- 
lar weight  was  given  to  analyses  made  by  the  chemists  in  the  employ  of 
manufacturers  of  gypsum  products,  for  it  wsb  felt  that  they  had  a  special 
reason  in  securing  an  "average  analysis."  In  the  future,  when  gypsum 
is  analyzed,  let  us  hope  that  the  presence  or  absence  of  even  small  quanti- 
ties of  lime  carbonate  may  be  fully  demonstrated. 

Natube  op  present-day  Deposits 
coscsstratios  of  d188b1iisated  otpavu 

More  attention  should  be  directed  to  the  gypsite  beds  of  the  western 
United  States,  to  the  wonderful  "white  sands"  of  Alamogordo,  New  Mex- 
ico, and  to  similar  gypsum  deposits  in  Utah  and  Australia.  These  are 
generally  recognized  as  originally  efflorescent  deposits,  formed  on  the  sur- 
face by  the  evaporation  of  water  that  has  seeped  through  gypsiferous 
strata,  the  gypsum  grains  so  formed  being  later  piled  up  by  the  winds. 
Salt  that  may  have  come  to  the  surface  with  the  gypsum  readily  leaches 
out.  The  statement  has  been  made  by  advocates  of  the  salt-pan  theory 
that  such  wind-blown  deposits  can  not  be  pure ;  yet  the  gypeum  dunes  of 
\ew  Mexico,  Utah,  and  Australia  are  remarkably  pure.  Gypsum  de- 
posits showing  cross-bedding,  like  those  reported  in  Oklahoma  by  L.  C. 
Snider,'  may  represent  efflorescent  wind-blown  material. 

Acconling  to  G.  W.  Stose,'  the  gypeura  deposits  of  Virginia  were  prob- 
ably derived  from  calcareouB-argillaceous  sediments  which  originally  con- 
tained disseminated  gypsum.  This  gypsum,  he  believes,  was  concentrated 
by  underground  waters  which  circulated  along  the  fault  between  the  Car- 
boniferous and  Cambrian  rocks.     While  I  am  not  prepared  to  wholly 

•  Baa  Oeol.  Boc.  Am.,  vol.  28.  do.  2,  p.  286. 
'  MiDeral  induatrf.  vol.  ixlv,  p.  3T1. 

•  V.  S.  GcoL  Barvcj  Balletln  630,  1913,  pp.  232-266. 
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indorse  this  view,  the  Virginia  gypsum  deposits  as  now  found  are  cer- 
tainly not  of  salt-pan  origin, 

R.  W.  Stone"  believes  that  the  gypsum  of  Florida  has  been  deijosited  by 
springs,  and  the  evidence  seoms  to  point  definitclv  to  this  conclusion. 
The  tremendous  masses  of  g;^■psum  found  in  the  "domes"  in  I>ouisiana 
and  Te\as  are  regarded  by  (>.  D.  Harris  and  some  others  as  the  work  of 
upward-moving  waters  which  carried  gypsum  in  soluticm. 

ALTIiHiTIO\  OF  t:iKBO\ATE 

Before  1877,  when  Ochsenins  published  the  result  of  his  observationi' 
in  connection  with  sea-water,  gypsum  was  gi'iierally  regarded  as  an  alter- 
ation product  derived  from  limestone.  Sulphurous  waters  are  abundant 
and  widespread  and  their  ability  to  change  limestone  into  hydrated  lime 
sulphate  is  admitted  without  ({uestion.  \unierous  illustrations  may  Iw 
cited.  A  striking  case  at  Spatsum,  BritiMh  Columbia,  is  descrilHii  by 
L.  II.  Cote,'"  (iypsum-bearing  nwks  occur  on  the  hills  forming  the  west 
bank  of  the  Thompson  River.  The  rocks  of  tlie  district  are  schisfei.  gray- 
wackes,  and  some  limestone.    Cole  says : 

"Tlie  surface  pialfHal  consists  of  a  badl.v  dlNlntee rated  maKS  of  mion  HOhlsU, 
limestones,  and  Khtiles.  with  frequent  nodular  lumiis  of  wblte  K.vpsuiu  of  vho- 
Ing  slice.  After  pasHlnu  tbrougli  this  altered  material,  which  has  been  Itehtl.v 
recenieuted.  tbe  tunnel  cuts  through  a  Iwud  of  very  pure,  massive  white  x>1i- 
aum,  wlilch  i>roved  liy  analysis  to  lie  almost  a  theoretically  pure  o'psum.  This 
band,  however,  was  only  5  feet  wide,  with  a  very  IlKht  gray  or  white  hluhl.v 
altered  liydromloi  schist,  together  with  souie  altere^l  limestone,  for  the  hang- 
ing wall  and  for  the  rest  of  the  length  of  the  tunnel." 

0.  M,  Knode,  of  the  T'nited  States  Gypsum  Company,  visited  this  spot 
and  found  a  tunnel  40  feet  long  driven  into  a  bed  of  crystalline  limestone. 
Sulphurous  water  originating  at  a  point  higher  uji  was  seeping  thnni;:h 
this  body  of  limestone.  The  whole  face  of  tlie  tunnel  was  moist  and 
slimy  from  a  deposit  of  gypsum  and  sulphur.  Analyses  of  the  nvk  along 
the  sides  of  the  tunnel  gave  from  12  to  100  per  cent  of  gypsum.  Knivio's 
conclusion  was  that  the  entire  limestone  ledge  was  being  altered  to 
gypsum. 

There  siems  to  be  a  frequent  association  of  gypsum  with  hydrocarlxms. 
Tlie  oil  domes  of  the  (Julf  coast  have  attracted  a  good  deal  of  attention. 
and  the  fact  that  great  masses  of  gypsum  and  salt  enter  into  their  strut - 
tuR'  is  well  known.    F.  Ij.  Hess,  in  his  report  on  the  gypium  deposits  nf 
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California,  describes  an  interesting  deposit  of  gypsum  with  sulphur  and 
hydrocarbons,  which  is  locally  known  as  "The  Oil  Bubble." "  The 
mound,  which  is  10  to  15  feet  high  and  about  65  feet  in  diameter,  is 
I'ompoeed  of  small  crystals  of  gypsum,  most  of  them  less  than  one-quarter 
inch  in  length,  mixed  with  enough  clay  to  permit  the  mass  to  be  easily 
kneaded.  The  mound  also  contained  a  small  amount  of  material  resem- 
lilin;;  greatly  oxidized  asphalt  stained  slightly  with  native  sulphur.  At 
the  time  it  was  visited  the  mound  was  wet  and  sticky  and  it  is  said  to 
remain  moist  throughout  the  summer.  It  is  reported  to  give  off  bubbles 
of  gas;  hence  the  name  "bubble,"  the  apposed  asphalt  suggesting  the 
name  "oil." 

"The  mound  Is  formed  b7  the  evaporation  ol  water  carrying  gypsnm  In  Bola- 
tton,  and  claj  probably  being  brought  to  the  place  by  winds.  The  excesstve 
dryness  of  the  surrounding  country  aialies  it  seem  probable  that  the  water 
cornea  from  a  cooaiderable  depth,  rising  through  the  Tertiary  gypalferous 


The  gj'psum  of  Virginia  is  curiously  banded  with  black  streaks  of 
hydrocarbon,  which  entirely  disappear  when  the  gypsum  is  heated  to 
moderately  high  temperatures.  At  Stopinshof  and  Pawasser,  in  Russia, 
the  gypsum  beds  are  given  a  dark  blue  color  by  their  bitumen  content.** 

In  the  Aspy  Bay  district  in  Victoria  County,  Nova  Scotia,  the  exposure 
is  described  as  "white  and  mottled  white  and  gray,  compact  crystalliza- 
tion showing  some  little  anhydrite,  which  carries  petroleum  in  small  (pea 
nize)  cells  at  the  base  of  the  exposures."  '*  The  gypsum  on  the  Geary 
property,  South  Ifaitland,  Hants  County,  Nova  Scotia,  is  described  as 
containing  "considerable  anhydrite,  and  veins  of  dark  carbonaceous  and 
reddish  gypsum,"  "  At  Cheverie,  in  Hants  County,  Nova  Scotia,  the 
rock  in  the  Lown  Head  quarry  is  desi^ribed  as  "carrying  petroleum  in 
embedded  cells,  from  which  small  quantities  have  been  collected  during 
blasting  operations."'*  On  Avon  River,  Hants  County,  Nova  Scotia,  the 
gypsum  is  described  as  of  "a  very  fine  white,  compact  variety,  showing  a 
few  streaks  of  black  irregularly  distributed  through  the  white.  The  black 
was  high  in  carbonate  of  magnesia  and  carried  some  bitumen  and  iron 
pyrit«."  "  Within  the  town  of  Windsor,  Nova  Scotia,  in  the  old  Pellow 
quarry,  from  which  500,000  tons  of  gypsum  have  been  taken,  anhydrite 

<■  C  8.  0«al.  8urT«;  Bulltttn  413,  p.  15. 

■>  Dammer  n.  Tl«tie :  l>te  NutibnrcD  MlDtralcIn,  II,  p.  68.  * 

■•  Cole  :  Qjpaum  In  Cin&da.  CsDadlui  D«pt.  of  Mtoca.  p.  ISII. 
■•Col«:  G;p>Dm  Id  Canada.  Canadian  D«pl.  ol  Minn.  p.  214. 
"Cole;  Gjrptnm  In  Caaada.  Canadian  Dtpt.  ot  Mln«.  p.  BIS. 
<*  Cole ;  Orpaum  In  Csnada.  Canadian  Dept.  ol  Hlnra.  p.  2Z2. 
XXVIII— Bull.  Okou  Soc.  Am..  Vol.  .12.  1020 
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sefins  that  many,  if  not  most,  of  the  gypsum  beds  have  been  formed  by 
tbf  hvifration  of  sedimentary  anhydrite."  While  this  statement  may  be 
brnad,  many  gypsum  deposits  have  evidently  been  derived  from  anhydrite. 
TJiis  is  probably  true  of  Virginia  gypsum  and  of  the  important  Nova 
Scotia  deposits  about  Windsor.  In  the  light  of  the  latest  drilling  in  New 
Tork,  \ewland**  is  inclined  to  the  opinion  that  the  more  important  de- 
pwits  nf  gypsum  in  that  State  were  originally  anhydrite. 

BrieHy  reviewing  the  statements  that  have  been  made,  it  seems  that  as 
I  mult  of  Stieglitz's  work  we  must  eliminate  from  tlie  list  of  gypsum  de- 
[weits  formed  directly  by  the  evaporation  of  sea-water  or  by  evaporation 
in  stream-fed  inland  basins  all  deposits  that  contain  less  than  .5  per  cent 
d/  calcium  carbonate.  ITnJess  we  are  willing  to  assume  an  atmosphere 
i^tii  less  carbon  dioxide  than  at  present,  we  must  eliminate  all  deposits 
coDtainJDg  less  than  .9  per  cent  of  carbonate. 

('in?i]Iating  water  which  has  taken  up  gypsum  disseminated  in  small 
luantities  through  beds  traversed  by  the  water  is  a  primary  factor  in  the 
fnnnation  of  recent  gypsum  deposits.  Gypsum  so  concentrated  is  often 
concentrated  farther  by  the  action  of  the  wind  and  by  evaporation  in 
inland  lakes. 

Many  gypsum  deposits  were  originally  anhydrite.  The  conditions 
which  determine  whether  calcium  sulphate  will  be  deposited  as  gypsum 
or  anhydrite  are  not  fully  understood,  in  spite  of  the  work  of  van't  HofI 
Sid  others.  The  chemist  is  seldom  familiar  with  the  field  conditions 
*liich  are  associated  with  deposits  of  these  minerals.  If  Udden  is  right 
'n  believing  that  extensive  bodies  of  anhydrite  in  Texas  have  been  formed 
Mthe  result  of  reaction  between  magnesium  sulphate  in  circulating  solu- 
ioas  and  calcium  carbonate  in  the  original  sediment,  the  process  may 
dinit  of  broader  application  and  may  be  applied  to  gypsum  deposits 
'hkh  are  distinctly  bedded,  yet  which  are  so  nearly  free  from  calcium 
u'bonate  that  they  cannot  be  regarded  as  salt-pan  deposits.  Anhydrite 
formed  might  later  be  altered  to  gypsum. 

•Ulnerml  laiuntij,  19S0,  vol.  SS,  p.  333. 
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A    CLASaiFlOATION   BDOOESTBD 

The  foUowiag  classification  of  extensive  gypsnm  deposits  according  to 
origin  is  suggested : 

A.  Deposits  formed  \>y  cmicentratton  of  materlnl  dlflHcmlnated  throngh  aedl- 

■wnts: 

1.  In  InlMid  basbts. 

2.  On  the  surface : 

a,  by  springs; 

b,  as  efflorescence. 

a*,  farther  conceotT&ted  by  wind, 
b*,  fnrtber  concentrated  In  alight  depresslona  bf  sar- 
(ace  waters. 

3.  In  fissures,  cavities,  and  as  replacements. 

B.  B;  alteration ; 

1,  of  carbonates ; 

2,  of  anhydrite. 

C.  Depoetta  formed  directly  by  evaporation  of  sea-water. 
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Intbodcctobt  Statehemt 

For  some  years  there  has  been  a  growing  Feeling  among  those  who  have 
given  the  subject  conBideration,  that  the  peculiar  etructures  found  in 
many  meteoric  stones  are  due  not  to  hasty  crystallization  from  a  molten 
magma,  as  has  been  argued  by  some,  but  rather  to  an  origin  through  the 
metamorphism  of  tuffaceous  materials.  Statements  to  this  effect,  how- 
ever, with  the  exception  of  those  of  Berwerth,  Linck,  Renard,  Tschermak, 
and  Wahl,  noted  below,  have  been  given  largely  as  matters  of  opinion, 
without  a  systematic  presentation  of  the  evidence  pro  and  con.  It  is  pro- 
posed here  to  bring  together  for  record  some  of  the  more  important  data 
bearing  on  the  subject  and  supplement  them  by  results  gained  through 
my  own  studies. 

To  one  at  all  versed  in  the  study  of  meteorites,  it  is  not  necessary  to 
remark  that  the  existing  structural  features,  both  those  of  the  constituent 
minerals  and  the  stones  as  a  whole,  render  it  more  difficult  to  trace  with 
<»>i"(l  certainty  changes  which  may  be  due  to  metamorphism  than  is  the 

■  MiDuacrlpt  received  bjr  tbe  Secretarj  of  tbe  Society  June  S,  1021. 
This  paper  «■■  reid  betore  the  NatlonaJ  Academf  of  SclenceB  April  2S.  1021.      It  Is 
printed  with  the  pennlesloD  ot  the  Secretary  of  tbe  Smlthsonlaa  lostltatlon. 
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case  in  terrestri&l  rocks.  The  entire  lack  of  such  eecondar;  mmersla  an 
are  products  of  terrestrial  metamorphism,  the  anhydrous  nature  of  the 
constituents  and  their  unoxidized  condition,  however,  limit  the  possibili- 
ties, though  they  do  not  necessarily  simplify  the  prohlem. 

Discordant  Nature  of  Opinions  belatitb  to  original  and 
becondart  strnctcrb 

At  the  beginning  of  the  discussion  we  are,  however,  faced  with  the  dis- 
cordant nature  of  the  opinions  held  regarding  the  original  nature  and 
structure  of  the  chondritic  meteorites,  with  which  we  have  principally  to 
deal.  In  reviewing  these  it  will,  perhaps,  not  be  necessary  to  go  back 
beyond  1875,  since  the  microscope  and  thin-section  had  even  at  this  dat« 
scarcely  come  to  their  full  efficiency. 

Tscliermak,  in  his  discussion  of  meteorites  and  vulcanism,*  says: 

"llanche  Meteorlten  xlnd,  vod  itoldier  Beiwhaffenbelt,  welchc  sel^.  dass  sle 
durcb  elnen  allmUllgen  rublgeo  KrystalllsatloDBprocesB  geblldet  werden.  anderp 
hingegen  remthen  dndurcb  dass  sle  nus  Brucbstttcken  EusammengefUgt  idnd. 
die  Wlrknngen  zertrUmmemder  Krafte.  Die  ineixten  bestehen  bus  letnen  . 
StelDspIlttem  und  nindeu  K&mchen." 

Practically  the  same  views  were  repeated  in  1885:' 

"Dass  bel  den  Meteorlten  dte  Trflmmeratraktur  hauflg  sel,  sehr  riele  bald 
deutltcb,  bald  nndeutllcb  klastlsch  elnd  und  dass  eine  Anzahl  der  Meteorstelnv 
eln  voIlstandlK  tnffarttgee  Aneeben  baben.  Aucb  In  den  elsenreicben  Hassrn. 
wle  In  Jenen  von  Brabln,  Atacama,  der  Sierra  de  Cbaco  slnd  Bruchstilcke  von 
Krrstalleu  verbrettet.  DIese  Erscbelnangen  etlmmen  mlt  der  Anslcbt  vud 
elner  allgemelD  volkanlscbea  BildunK  der  Meteorite  und  entsprecben  der 
snvorgedacbten  Hepkunft  der  Cbondren." 

With  these  views  Q.  Linck  was  by  no  means  in  accord.  Under  dat«  of 
1878  he  wrote:' 

"Ich  wledertaole  nnr  and  betone  ea,  dass  die  Stnictur  dieses  Gestelnex  mit 
Tnffbildungen  wenlg  oder  nicbts  gemelo  hat,  dass  sle  vlelmebr  auf  RratarruD- 
gauB  dem  Schmelzfluss  blnwelst,  deren  letzter  Act  stcb  sebr  raech  vollst^.  si> 
dass  elD  verbftttnlssmftsBlg  lelcbt  scbmelsbares,  den  KrystallisatioQsrilcfcstaDd 
blldendes  Natron kalkstllcat  aicbt  mebr  zur  Krystallisatlon  g^langen  kunntp." 

A.  F.  Benard  also  wrote  :* 

"Je  croyaiB  ponrolr  etendre  a  la  geaerallte  des  meteorites  cbondrlttqiws  )«« 

'  aitib,  d«r  Akad.  d.  Wins.  II,  Abth..  April.  18TG,  p.  8. 

•  Ulkroa.  BlKhof.  der  UeteorllcD. 

'Ami.  dm  k.  k.  N&tiirblBt.  UoImuseumB,  Band  xlll,  1878.  ».  ItS. 

•Bun.  dr  la  ClaBH  des  Bclencea.  Acad.  Roral,  Tcmr  iutII,  1899,  p.  630. 
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MMwtitatlouB  que  J'svala  faltes  aur  1&  structure  de  la  meteorite  de  rjesves. 
J'lTuicaiB  des  lora  que  toutea  out  ete  fwumlHea  a  dea  phenomenes  analotnioi 
■  CFUi  que  nous  tnootrent  lee  loches  ten-eatres  metamorphlHeea  par  cataclaxe 
el  if  cuDcluals  que  pour  un  grand  nombre  d'entre  dies,  on  ne  doit  pau  admettre. 
a  aiw  de  leor  aspect  dastlque,  qn'elles  sont  de  natur  tuface." 

And  again : 

"Je  rejette  I'orlgUie  polygene  qu'on  avalt  attrlbuee  a  la  generallte  des 
metMrites  clioDdrltlquea  et  que  Je  lea  coosldere  comme  des  roches  crUtallluett 
qui  ODt  subt  Taction  du  metamorpblsme  dynamlque." 

And  Still  further: 

"J?  me  range  done  sans  heslter  avec  ceux  qui  n'admettent  pas  que  ces  masses 
msmlqaes  solent  dee  agglomerations  de  pmlulU  volciinlques  Incoherent^."  * 

These  diametrically  oppuaod  views,  each  of  which  Iiad  nunitiruun  sup- 
porters, can,  as  it  seems  to  the  writer,  be  esplaiiicd  only  on  the  ground 
of  ID  insufficient  amount  and  variety  of  material  for  the  study  oti  tlie 
results  of  which  the  opinions  were  based.    The  fact  would  seem  to  have 
been  overlooked  that  chondnilea  occur  in  greatest  abundance  and  most 
perfect  development  in  stones  the  tufFaoeous  nsture  of  which  is  most  pro- 
DOQUced.    It  is  well  nigh  inconceivable,  further,  that  structures  like  those 
shown  in  figure  1,  plate  2,  should  have  been  produced  through  crushing 
forces,  as  argued.    The  fact  that  the  same  mineral  occurs  in  such  a  variety 
of  forms  also  shows  conclusively  that  they  must  have  origiuat^^'d  under 
different  conditions,  which  could  not  exist  in  closely  adjacent  portions  of 
the  same  magma.     This  last  has  been  pointed  out  by  Borgstroni'  and 
others.    That  a  certain  amount  of  internal  crushing  and  disintegration 
haif  taken  place  in  many  stones  is  unquestionable  and  will  be  referred  to 
later. 

In  that  which  follows  I  shall  assume,  then,  that  the  tuffaceous  nature 
sf  these  stones  and  of  the  "Kugelchenchondrite"  in  general  is  no  longer 
ijuestioned.  As  to  the  possibility  of  such  having  undergone  metwnior- 
phidm,  there  is  among  those  who  have  written  on  the  subject  lees  diversity 
>f  opinion. 

Sorby,  writing  in  1877,  says :' 

"Taking,  tben,  alt  the  above  facts  into  consideration,  It  api>earM  to  me  ttiat 
:b«  conditions  under  which  meteorites  were  formed  must  hnve  lieen  xuch  that 
[be  temperature  was  high  enough  to  Fuse  stony  masses  Into  glasn:  the  partlcleH 
>»ulcl  exist  independently  one  of  the  other  In  an  incandescent  atmo!>phere.  sub- 

■  TIi«  pretent  writer  cao  but  teel  tbnt  could  M.  llcDard  study  ttie  CiimUvrlaDd  FaLIn, 
Kentucky,  atone  he  would  modltj  gomewhal  bla  view. 
1  Traoa.  Roy.  Soc.  nl  Caoada.  1D04.  p.  94. 
•  Nature  (London.  EoBUDd),  vol.  IS,  18T7,  pp.  4a.V40S. 
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}ect  to  rloleut  meehaiiical  <]l8tnrbaD(»s ;  that  the  force  of  graTitatton  w»k 
great  eoougli  to  rolle<l  these  One  particles  together  Into  solid  masses,  and  that 
these  were  Id  anch  a  situation  that  the;  could  be  metamorphosed,  farther 
broken  Into  fragments,  and  again  collected  together." 

Tschermak,  in  1878,  in  discusaing  the  origin  of  the  border  or  rind 
around  some  of  the  chondniles  of  the  Orosnaja  stone,*  ascribed  to  them 
a  secondary  origin,  a  product  of  a  second  rise  in  temperature  (accom- 
panied, it  ma;  be,  by  reducing  vapors)  not  sufficient  to  produce  fusion, 
but  merely  a  structural  modification  of  the  superficial  portions. 

"Somit  schelut  es,  dass  die  RInde  erst  uachtragUch  durch  ein  von  anssen 
wlrkendes  Ageus  enstanden  sel  und  zwar  vermuthe  Ich,  dasa  es  elne  Brhltxung. 
v-tellelcht  unter  glelcbzeltlger  Biuwlrlcung  reduzlrender  Case,  gewesen  sel. 
RntstebuQg  der  blassen  Slnde  verursacbte.  DIeee  Brhltzung  brachten  kelne 
Schmelzung  berror.  Bonders  elne  gerlnge  Textnr-AendenuiK  an  der  Oberflacbe." 

It  is  not  made  quite  clear  in  the  above  whether  the  reheating  producing 
the  structure  changes  was  theug^t  to  have  taken  place  after  the  chon- 
dniles became  imbedded,  as  now  in  the  tuff,  or  prior  thereto.  It  is  t«  be 
noted,  however,  that  tlie  Orosnaja  stone  is  a  black  chondrite. 

H.  Bensch,  in  the  summarj  of  his  description  of  the  Tyenes  and  other 
Skandinavian  Btones,"  says : 

"(a)  Die  atelnartlge  Substanz  der  Meteorite  lat  oraprungllch  durch  Abkuta- 
Inng  von  geachmolzenen  Massen  enatanden.  (b)  Die  Chondrite  eind  Bruch- 
stuckgestelne.  (c)  Bisweilen  gewahrt  man  Keugen  etner  wiederbolten  Desag- 
gregatlon.  (d)  Elnlge  Meteorite  lelgen,  dass  sle  elner  starken  Erhitsung  (und 
chemfscUen  Proseasen)  nacb  ihrer  nrsprnngUchen  BUdnng  auagesetxt  waren>." 

Berwerth,  in  1901,  after  detailed  study  of  the  subject,  wrote:" 

"Nach  alien  dlesen  Erwagmigeu  babe  Icb  nur  scbllessUchdleanslchtgPblldet. 
daa  der  cbondrlt  ein  durch  umnchmelzuog  metamorphoairter  meteorlscber 
Tuft.  1st" 

Wahl*'  explains  the  varying  conditions  of  consolidation  of  chondritic 
stones  on  the  supposition  that  as  tuffaceoue  forms  they  have  been  sub- 
jected to  beat  of  varying  degrees  of  intensity  and  more  or  less  sintered. 

"Man  kOnnte  sogar  die  Chondrite  Ihrer  Bescbaffenhelt  oacta  In  elne  kon- 
tlnulerllche  Relche  elnorden,  beglnnend  mlt  den  tutfSboltchen  Mineralsplltter- 
massen  und  endend  mlt  den  den  Massengeatelnen  recbt  fthnlicheu  bochkrj»- 
talllnen. 

•  Wo.  u.  Pet.  Hlttbell,  vol.  1,  1ST8,  p.  153. 

"■SeparBt-Abdnick  bub  deni  Nueb  Jabrbuch,  tUr  Mlneral0Kl«,  G*ologl?,  und  Palv<>ti> 
talagle.    BellaKcbBPd  It,  1886. 

"  CentralblBtt  fUr  HId.  Geol.  u.  Pal.,  1001,  pp.  644. 
"Zelt.  Anorg.  Chemk.,  Tol.  69,  1910,  p.  75. 
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"Adb  d«m  oben  AngefQbrtcn  gebt  ohiie  welterea  hervor,  das  dl«  Struktni'eii- 
baltuisse  samtlicher  cboDdrltischeu  Meteorite  der  dan  veralandllch  werden 
kimnea,  WMin  die  ent^lehungswelse  der  ChonderBtukturen  und  der  kryatalliDpD 
mit  deD  TulTastrubtureD  rergesellscbafteten  Btmlctaren  klargeatellt  wflrde." 

The  above  quotatious  from  the  writings  of  well  known  authorities  are 
sufficient  to  show  the  general  trend  of  opinion  on  the  subject. 

In  a  systematic  consideration  of  the  problem  it  will  be  well  to  first 
refer  briefly  to  structures  common  to  the  unaltered  "Kugeln"  (spheru- 
litic")  chondrites  and  pass  thence  to  crystalline  spherulitic  forms,  and 
tlience  in  turn  to  the  white,  gray,  intennediate  and  holocrystalline  forma, 
dosing  with  a  discussion  of  the  methods  by  which  such  changes  as  may 
be  observed  have  lieen  brought  about 

Structttres  common  to  unaltered  sphebdlitic  Forms 

The  spherulitic  (Kugelchen)  chondrites  may  be  briefly  described  as 
consisting  of  numerous  hard  and  well  formed  chondrules  in  varying  pro- 
portions and  conditions  of  fragmentation  in  a  tuff-like  ground,  sometimes 
Ri  loosely  imbedded  as  to  break  away  from  it,  or,  again,  in  the  crystalline 
forms,  break  with  it.  The  structure  as  shown  in  the  more  tuffaceous 
forms  (flgure  1,  plate  2)  is  but  a  disorganized  mass  of  more  or  less  frag- 
Diental  materials  in  sizes  from  the  finest  dust  to  those  sufficient  for  deter- 
mination by  the  unaided  eye.  The  chondritic  structure  is  usually  the 
most  striking  feature,  and,  indeed,  some  of  them,  as  the  ornansitcs,  ap- 
pear to  be  little  more  than  aggregates  of  these  peculiar  bodies  in  all  stages 
of  fragmentation,  imbedded  in  a  fragmental  base  of  tlieir  own  debris. 
Concerning  the  fragmental  nature  of  this  base  I  have  stated  my  belief 
that  there  can  be  no  question,  and  for  the  present  it  can  be  passed  over. 

The  chondrules  themselves,  with  particular  reference  to  their  internal 
structure,  need  further  notice,  particularly  the  glassy  and  porphyritic 
forms.  That  these  chondrules  and  chondroidal  forms  were  not  formed 
in  the  exact  positions  they  now  occupy  should  be,  for  the  most  part,  a  ' 
matter  of  common  recognition,  though  as  to  their  primary  origin  there 
may  still  be  some  question.  It  is,  however,  the  view  of  the  writer  that 
the  [(rescn**  of  these  bodies  is  itself  indicative  of  the  tuffaceous  origin  of 
any  stone  in  which  they  occur,  whatever  may  now  be  its  condition,  crys- 
talline or  otherwise.  This  must  certainly  hold  true  where  the  chondrules 
are  of  a  granular  or  porphyritic  nature.  In  some  instances,  it  is  true, 
r-onditions  are  such  as  to  raise  a  temporary  doubt  with  the  radiate  or 
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spherulitic  forms,  but  in  no  inatance  have  I  seen  a  chondnUe  or  chun- 
droidal  form  under  such  conditiortB  as  to  really  satisfy  me  of  its  origin 
in  situ.  The  occurrence  of  minerals  of  the  aaine  species  under  such  a 
variety  of  conditions  as  presented  by  both  "Kugels"  and  ground-mass, 
indeed,  prohibits  any  other  conclusion. 

My  views  have  been  made  the  subject  of  a  previous  paper"  and  neei 
only  brief  reference  here.  As  there  stated,  those  chondrules  of  glass  and 
of  cryp tocry stall ine  and  radiate  ens^tites  are  regarded  as  direct  products 
of  the  cooliug  of  molten  drops,  the  porphyritic  forms  being  considered 
mechanically  derived  fragments.  Confining  attention  to  these  last,  it 
will  be  observed  that  they  consist  of  phenocrysts  of  the  various  silicates 
in  a  base  ranging  from  a  completely  isotropic,  undifferentiated  glasf 
(figure  3,  plate  3)  through  fibrous  to  practically  holocrystalline  forms. 
The  presence  of  this  glass  in  tlie  chondrules  of  the  unaltered  tuHact^us 
forms  and  its  absence  or  rarity  in  others  is  significant  and  will  be  referred 
to  later.  Feldspar,  if  present,  exists  only  as  fragments,  unless  it  be,  as  in 
the  Dhurmsala  stone,  a  constituent  of  a  chondrule. 

Structures  couhon  to  crystalline  apHEsuuTic  Forms 

Passing  to  the  so-called  crystalline  spherulitic  chondrites,  a  m&rk<>d 
difference  in  microscopic  structure  is  readily  observable,  though  there  an- 
very  evident  traces  of  a  one-time  tuffaceous  nature  in  t^e  form  of  still 
fragmental  single  crystals  and  chondrules,  as  in  the  Bluff  (figure  3. 
plate  3),  Menow,  and  Richmond  stones.  These  forms  are  more  compart 
than  the  kugelcken  (spherulitic)  forms,  and  the  chondrules  often  brtiak 
with  the  ground.  Under  the  microscope,  as  in  the  case  of  the  Hender- 
sonville  stone,  that  which  seemingly  represents  the  finely  divided,  almost 
dustlike  interstitial  material  has  become  converted  into  a  finely  granular 
base  in  which  the  larger  unaltered  fragments  and  chondrules  are  im- 
bedded. In  my  original  description  of  this  stone  I  say:  The  structure 
Is  not  at  all  that  of  minerals  crystallizing  freely  from  a  molten  magma, 
but  suggestive  of  a  partial  recrystallization  of  finely  divided  material  as 
seen  in  metamorphic  schists." 

Further  study  of  the  slides  serves  to  confirm  me  in  this  opinion.  An 
equally  marked  change  is  observable  in  the  structure  of  the  chondrule' 
themselves,  which  carry  little,  if  any,  true  glass,  but  in  its  place  a  gran- 


>•  Froc.  N'Bt.  Acad,  or  ScleDCFi.  vol.  6.  no.  8.  1020.  pp.  44»-472. 

"  Borgstrtim  makes  ■  slmlUr  obwrvatlon  reKBrdbia  the  ElalDt  Mlcbrt  ttone,  ■  rhodlir. 
He  sajB :  "Die  structur  li  demieniBSB  nlcbt  brpldlomorpben  ■ondem  nSbcr  alcb  Tlel- 
mebr  e<Der  panlilloaiorpheD   Sirucktur  von  dieuelbeD  Art  wie  Ble  Id  vlelrD   kHiUlliiFB 

ScbieCeu  VDrkomint." 
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ular  aggregate  of  the  ailicntes,  as  in  figure  4,  plate  2,  where  the  appear- 
ance at  once  BUggeetB  a  tnetamorphism  of  the  glaaay  base  in  a  porphyritic 
chondrule.  Nowhere  do  I  find  any  true  nndifferentiated  glass,  and  there 
is  but  little  maskelynite.  The  observations  hold  true  of  the  stones  [Cck) 
of  Djati,  Pengelon,  Kernouve,  Long  Island,  and  others  of  this  group. 
That  these  were  derived  from  the  tuftaceous  forms  would  seem  to  be  defi- 
nitely settled  by  the  facte  stated,  and  particularly  by  the  presence  of  tlie 
slightly  altered  and  often  more  or  less  fragmental  chondrules,  which  are 
so  obviously  foreign  to  their  present  position. 

Stbuctures  comuon  to  crystalline  Forus 

The  so-called  crystalline  chondrites  consist  of  a  firm,  holocrystalline 
KTuutul  in  which  are  imbedded  occasional  chondroidal  forms.  The  most 
striking  feature  of  the  last  mentioned  is  their  lack  of  symmetry  or  per- 
fection of  outline,  as  compared  with  those  in  the  tutfaceous  varieties. 
(See  figure  5,  plate  2,  and  figure  1,  plate  3,  from  tlie  crystalline  chondritc 
of  liejiazzn,  Italy,  and  Estacado,  Texas.)  Another  feature  which  is  also 
found  in  the  white,  gray,  and  intermediate  forms,  yet  to  be  noted,  is  the 
rarity  of  glass  in  the  chontlrules  themselves  and  the  obliteration  of  their 
apparent  original  outlines.  In  figure  2,  plate  3,  from  the  Ensishcim 
stone,  it  will  be  noted  that  the  porphyritic  chondrule  merges  gradually 
into  the  ground-mass,  and  that,  further,  the  interstices  of  the  phenocrysts 
are  occupied  not  by  glass,  but  by  fine  granular  matter — a  condition  to  at 
once  suggest  the  crystallization  of  the  glass  base  of  a  porphyritic  cbon- 
<lrule  during  the  general  process  of  metamorphism  which  the  stone  as  a 
whole  has  undergone."  Maskelynite  and  merriilite  are  almost  universal 
characteristics  of  this  group,  as  of  the  other  altered  forms  described. 

Structures  common  to  white,  gbay,  and  intermediate  Forms 

Passing  to  consideration  of  the  white,  gray,  and  intermediate  groups, 
one  finds  the  same  strongly  marked  diflerences  in  internal  structure  with- 
out change  in  mineral  composition,  though  whether  these  differences  are 
due  to  metamorphism  or  original  crystallization  is  not  always  easily  ap- 
parent They  show  a  ground  distinctly  cataclastic  for  the  most  part — a 
structure  which  is  certainly  in  part  due  to  crushing,  as  argued  by  Renard. 

"Tbe  Tiewa  tbus  aboT«  txpresucd  art  apparentlr  fully  In  accord  with  tboie  oC  Wabl. 
wbere  )i«  ibtr  :  "Die  Vprfpatlguug  DDd  die  EntBCebung  der  krIiitalliDeD  Btruckluren  der 
CbODdrltc  IMfBl  ilcti  aur  elot  Erbltians  (ThermomeUmDrphofte)  lurUckfUbrei).  durcb 
wclcb«  dlf  Ulneralaplltler  uud  CboDdreD.  }e  oacb  der  Intenaltlit  der  HKiewlrkuDS.  mebr 
Oder  wenlger  krBrtIg  anslDaoder  s^scbveltst  w«rden  und  die  uriprUDglleb  Tarbandene 
Tuftstruktur  TcrwUcbt  vird." 
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Further,  they  are  almost  univerBally  characterized  by  the  presence  «3 
the  colorless,  soinetimeB  ieotropic,  maskeljnite,  the  calciom  phoephati 
merrillite,  and  an  occasional  enwrapping  and  interstitial  smoky  glass,  a.9 
in  the  Parnallee  stone.  It  is  among  stones  of  these  groups,  also,  that 
Berwerth,  to  whom  we  are  indebted  for  the  most  satisfactory  suggestions 
on  the  subject,  found  his  "Netzbroncit"  structure  and  such  secondan- 
changes  as  were  to  him  indicative  of  meteoric  metamorphism. 

Causes  of  Variation  ik  Stbuctube 

The  question  may  well  be  asked  if  the  variations  noted  are  original  or 
due  to  metainorpliism.  In  his  paper  on  the  Zavid  stone,"  Berwerth,  li 
will  be  recalled,  described  the  interstices  of  the  porphyritic  olivines  ocou- 
pied  by  a  "platyfibrous"  form  of  bronzite  ("Netzbroncit")  which  enscis 
structurally  the  role  of  the  metal  in  a  pallasite. 

In  a  second  paper  he  considers  this  with  especial  reference  to  meta- 
morphism and  draws  the  conclusion  that  this  "Netzbroncit"  is  a  s.'^ 
ondary  product  due  to  a  partial  fusion  and  hasty  recrystallization  of  the 
liner  bronzite  material  in  a  chondritic  tuff.  The  shattered  condition  oi 
the  individual  constituents  producing  the  cataclase  structure  so  charac- 
teristic of  meteorites  of  this  class  he  considers  due  to  this  same  reheating 
and  sudden  cooling  process.  With  these  conclusions  the  present  writer 
takfs  no  exceptions  other  than  to  state  that  he  is  unable  to  discover  in 
slides  of  the  whit*'  and  gray  chondrites  at  his  disposal  tlm  netzbrono' 
structures  developed  to  tlie  extent  and  degree  of  perfection  figured  hy 
ItiTwerth  in  his  description  of  the  Zavid  stone,  excepting  In  the  poqilij' 
ritic  ehoiidniles  thetnselves,  as  noted  above,  ami,  further,  he  believes  the 
cataclase  strui:tiire  to  l>e  duo  in  part,  at  least,  to  crushing. 

MiirL'uver,  he  feels  that  there  are  other  easily  recognized  criteria  "' 
niefaniur]iliisni,  mentioned  bcinw,  of  equal  diagnostic  value.  I  refer  *" 
the  almost  univcr«il  pn-sence  in  the  stones  of  these  groups  of  t!ic  anom- 
alous feldspar  or  feldsputhic  glass  maskclynilc  and  the  equally  anonialou-- 
ealciiiiii  plios]iiiat<'  nierrilliti'  (figures  a  and  4,  plate  3). 

The  name  nia.-^kulyiiile,  it  will  he  recalled,  was  first  givi'ii  ''.' 
Tselicrnink"  to  an  isotriijiic  constituent  of  the  liabit  and  composition  "' 
a  labradi.rite  feldspar  occurring  in  the  stone  of  Shergotty.  The  iianie 
has  since  been  extended  to  cover  a  colorless  interstitial  substance,  soD»^' 
limes  quite   isotni])ic  and  sometimes  faintly  doubly  refracting,  of  li^"^ 

See,    »1*" 
.  1901,      P' 
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appeannce  sud  habit,  and  a  common  if  not  uniTersal  constituent  of  tlic 
chondritic  meteorites,  and  in  particular  those  of  the  white  and  gray 
choodrite  groups. 

Concerning  the  identity  of  the  two  substances  TecheAnak,  after  a  full 
discuBBion,"  says : 

"I>a  dleser  laotrope  Gemengthell  geiiau  dleselbe  Form  uiid  V^rtheiltrng  selgt 
wle  der  Plagloklas  tind  Im  gewShnllchen  Llchte  deaaelben  Elndruck  macbt  wle 
dieser,  so  glaubte  Icb  auu  dieser  auffallendeii  Glelcbhelt  der  ausseren  Form 
aof  elne  Glelcbtaelt  der  cbeinlRcben  Zusammeasetzung  acbllesnen  und  denselbeu 
nir  Maakelynite  halten  m  dfirfen." 

This  view  has  been  very  generally  accepted  by  subsequent  workers. 
H.  Michel,  in  his  "Die  Feldspate  der  Meteoriten,"  *'  says : 

"Das  ganie  BUder  Maabelynitletsten  let,  wle  s<Aon  THcbermak  betont,  wobel 
pr  slch  auf  die  Autorltat  von  F.  Becke  atOtzt,  daa  von  Feldspaten,  welch  Kuemt 
auskrrstalltslert  elnd,  HohlrBume  and  Zwickel  frelKelassen  baben,  In  denen- 
daim  der  Pytoxen  krystatlielerte,  derart,  dass  wobl  ancb  die  BlIdunKspeiioden 
ioelnaDder  Qbergrllten.  Bs  flnden  slcb  nSmllcb  blawellen  Partlen  mit  eliier 
Art  Entektstmktnr,  bel  denen  slcb  (Iber  daa  gegenaeltlge  Alter  ron  Pyraien 
and  Maakeljnlte  nictats  auaaagen  lasat" 

The  identity  of  the  mineral  is  further  supported  by  the  refractive 
indices  as  given  by  Michel  in  the  paper  quoted  and  as  determined  by 
myself  in  the  stones  of  Hartford  and  Ness  County. 

It  will  be  recalled  that  in  the  case  of  the  Hartford  stone  (a  white 
I'hondrite)  the  questionable  mineral  was  not  merely  slightly  doubly  re- 
fractive, but  gave  by  the  immersion  methods  indices  of  1.54-1.545,  and 
that  in  a  few  instances  I  was  able  to  discover  still  remaining  evidences 
of  polysynthetic  twinning,  indicative  that  the  metamorphism  had  not 
been  sufficient  to  completely  destroy  the  original  structure.  In  the  white 
I'hondrite  of  Colby,  Wisconsin  (figure  3,  plate  3),  maskelynite  is  rarely 
completely  isotropic,  but  ie  unequally  anisotropic  throughout. 

It  would  seem  that  the  question  of  the  derivation  of  maskelynite  from 
a  plagioclaee  and  the  identity  of  these  minute  interstitial  forms  with  that 
of  the  Shergotty  stone  might  he  considered  as  settled.  Nevertheless, 
authorities  are  not  wholly  in  agreement  on  the  subject.  Groth,  it  will  be 
recalled,  regarded  the  mineral  aa  an  independent  species,  relat(><l  to 
icucitc,  which  had  become  anomalous  in  its  refracting  qualities  through 
pressure  or  a  rise  in  temperature.  This  view  has  not  been  generally 
accepted. 

»  Die  UeteortteD.  etc.  p.  18. 

-  TrcbemiBk-a  Hln.  nod  Fet.  Mltlell.,  toI.  31,  1812,  p.  BSt, 

"  Mvm.  Nat.  Acad.  8cL,  vol.  14,  1019.  pp.  B-T. 
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Bo7gBtr6m,**  aa  late  u  1904,  mote: 

"Hw  occnrruice  of  the  lui^idTiilte  between  tbe  cfaondnilee  and  orilala  of 
ollTlne  and  enstatlte  and  doee  to  troUUe  asd  nUAeltlroja  forbUi  an  Intenx* 
taUon  of  It  as  a  refnmd  Mdqiar.  Hw  maakdrnlte  In  Ou  meteorite  fna 
Sbdbnne  la  a  tme  mineral  mtedee  and  no  alteFaUon  piodvet" 

With  these  opiniona  the  present  writer  can  by  no  meana  agree.  In  mj 
own  mind  there  are  bat  two  poaaible  sHematiTea  r^arding  the  BobHttncB: 
Either  (1)  the  atones  in  which  it  occors  are  direct  prodacts  of  the  cooling 
and  crystallization  of  a  molten  magma,  in  which  case  the  nualcel]iiit& 
mag,  perhaps,  be  a  reeidnol  feldflpathic  glass  or  an  altered  feldtpsr,'  or 
(8)  they  result  from  the  accomnlation  and  compacting  of  already  solidi- 
fied particles — that  is,  are  clastic  or  tnifaceoas — in  which  case  the  mif- 
kelynite  must  be  secondaiy  snd  doe  to  jhetamorphism.  Its  form  ud 
mode  of  occurrence  admit  of  no  other  conclusion,'*  as  noted  b; 
Tschermak.  Indeed,  the  habit  of  this  substance  in  oo^pying  the  ins- 
ular interstices  of  the  magnesia-iron  constituents  and  its  common  occur- 
rence in  tho  white,  gray,  and  iutermediate  chondrites,  together  with  its 
almost  entire  absence  in  the  unaltered  "kugelchen"  forms,  is  one  of  the 
strongest  arguments  in  favor  of  its  secondary  origin,  through  the  meti- 
morphism  of  a  tuffaceous  stone  of  the  type  of  Allegan  or  Bjurbole. 
Borgstriim's  objection  to  this,  based  on  its  occurrence  in  close  juitapoS' 
tion  to  troiiite  and  nickel-iron,  I  can  not  regard  as  well  founded,  since 
both  of  these  substances  are  themselves  secondary  (see  page  412)  and  mij 
have  been  formed  at  an  entirely  different  period  and  under  different  coo- 
ditions.  The  fact  tliat  cither  substance  occurs  not  infrequently  enwnp- 
ping  a  chondrule,  would  suggest  at  least  that  they  were  the  very  lafwtflf 
the  products  of  solidification. 

It  is  to  be  noted  further  that  this  "glass"  never  shows  the  stighlesl 
traces  of  the  shattering  which  is  so  characteristic  a  feature  of  the  otJw' 
minerals  and  which  is  variously  ascribed  to  pressure  or  abrupt  chuige> 

''Ann.  k.  k.  Naturhlal.  HotmnsFume,  Band  13.  1S9S,  a.  113. 

■Trana.  Royal  Sac.  ol  CaniidB,  iWi.  pp.  0I-B2. 

"  II  Is  a  irlfle  BlngulBr  that  BorgBtrBm.  after  bavlog  made  thr  atatemant  qnotMl  *^^ 
nbould  dcBcrltw  the  Shplburne  ntoiie  bb  a  Telued  gra;  c lion d rite— tbat  la.  sa  compoae^  " 
compacted,  already  solldlfled  uartlcles.  The  two  statementa,  m»  I  rlew  tbla  nutter.  •" 
contradictory  and  IrrecondlatilP. 
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in  temperature.  This,  as  I  view  it,  should  effectively  dispose  of  the  idea 
of  its  being  an  original  residual  glass.  It  is  a  later  product  and  was 
unmistakably  the  last  of  the  silicate  constituents  to  solidify,  and,  with 
the  possible  exception  of  those  involved  in  the  deposition  of  tiie  metal 
and  sulphides,  represents  the  closing  act  in  the  series  of  changes  through 
which  the  stone  has  passed. 

There  remains  to  be  noted  yet  one  other  structural  feature  charac- 
teristic of  this  group,  which  may  be  regarded  as  secondary  and  of  meta- 
niorphic  origin.  In  the  Knyabinya  stone  (a  gray  chondrite)  the  chon- 
drules  are  sometimes  surrounded  by  a  fine  granular  border  (figure  1,  plate 
t),  which  seemingly  represents  the  metamorphism  of  an  interstitial  dust- 
like material.  The  same  feature,  in  a  more  pronounced  form,  is  shown 
in  sections  of  the  Mezo  Madaras,  Pamallee  (figure  2,  plate  4),  and  Rich- 
mond stones,  the  first  two  gray  chondrites  and  the  last  a  crystalline 
spherulitic  form.  I  am  convinced  that  this  is  likewise  of  a  secondary 
or  metamorphtc  nature,  a  product  of  heating  suificient  to  afTect  (sinter) 
tile  finer  interstitial  material,  but  not  sufficient  to  obliterate  the  original 
fragmental  structures.  I  will  again  refer  to  this  in  discussing  the  agen- 
cies of  metamorphism. 

Agencies  of  Metamobphibm 

Assuming  the  features  above  described  are  of  secondary  origin  and  due 
to  metamorphism,  the  question  arises  as  to  how  this  metamorphism  has 
been  broUfiht  about.  Before  entering  on  a  discussion  of  this  it  will  be 
well  to  again  call  attention  to  the  entire  lack  in  the  meteorites  of  such 
secondary  and  more  or  less  hydrated  minerals  as  are  common  cbarac- 
teristica  of  metamorphosed  terrestrial  rocks. 

The  field  of  speculation  is  at  once  narrowed,  though  not  necessarily 
simplified.  It  can  be  safely  stated,  however,  at  the  outset,  that  the 
rhanges  noted  have  taken  place  in  an  atmosphere  free  from  moisture  and 
influences  promoting  oxidation.  Evidently  they  were  limited  to  dry 
beat  and  pressure. 

Perhaps  one  of  the  most  striking  features  of  the  chondritic  meteorites 
in  their  paucity,  outside  of  the  chondrules,  in  a  residual,  undifferentiated 
<;Iags  base,  and  it  is  a  most  singular  fact  that  those  who  advocate  the 
"hnstv  crystallization"  origin  of  these  stones  have  failed  to  realize  a  cnn- 
dition  so  fatal  to  their  conclusions. 

1  do  not  agree  with  Weinschenk  and  otbers,  that  in  certain  stones  like 
Chassigny,  Ensisheim,  Farmington,  Mezo  Madaras,  and  Pamallee,  glass 
is  so  abundant  as  to  form  a  network  in  which  the  otlier  minerals  are  im- 
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bedded.    Enrirfwim,  vhicfa  forms  WeiiwdiNik'B  "Typos  Z"  (rf  normd 
sbHiee,  88  ahovn  b;  my  ilides,  uutesd  of  coBustiiig  of  a.  glaaay  bue  wiA^ 
skeleton  crystals  or  "mit  lichtmn  glas  and  msseanhsffaai  BromitsWettiii] 
in  der  Groand>maaB,*^  ia  an  almost  holocryBtallin^  tlioa^  vny  i"tf4 
ularly  granular,  aggregate,  with  oceaskmal  oaall  interstitial  an 
colorless  material  which   inclose,  ttsoally,  bhmU  romidad   graaoles  a 
enstatite  or  (divine  aad,  as  a  rule,  polarised  dif^tly  in  light  uid  daA 
colors,  as  the  sjtage  is  rertdved.    This  has  all  the  cduuMteristics  and  hiUI 
of  maskelynite,  which  I  beliere  it  to  be.    Nowhere  in  this  or  t^  otht 
stones  mentioned  do  I  find  appreciable  tracea  of  an  migisal  vndiBv- 
fflitiated  glass  base,  sacb  as  might  renlt  from  the  rvEad  ooding  tt  a 
igneooB  magma. 

As  for  the  "glassy"  border  surrounding  the  ofaondmln  of  the  PanullM 
and  other  stones  of  this  group,  I  need  only  call  attmticai  to  Ok  bet  tki^ 
as  the  stones  are  plainly  fragmental,  the  border  can  not  be  other  thM 
secondary.  As  a  matter  of  fact,  an  ezaminatioD  with  a  high  power  Aim 
that  the  border  is  not  a  true  glass,  bat  rather  a  semiritisoiia  matarisl,  the 
result  of  an  alteratitoi  or  imperfect  sintorii^  of  the  finer  portkHt  in  ths 
ground.  That  this  may  have  been  the  result  of  temperatw«  dun^ 
made  sufficiently  evident  by  a  comparison  of  figure  2,  plate  4,  that  of  i 
"glaas"  bordered  chondrule  in  the  Famallee  stone,  and  figure  3,  from  i 
section  from  a  fragment  of  the  Allegan  stone,  a  spherulitic  chondrite, 
that  had  been  heated  in  a  gas  blast  furnace  to  the  point  of  iucipient 
fusion  on  the  outer  surface.  The  "glassy"  border  is  identical  in  appear- 
ance in  both  iustances.  In  short,  I  consider  the  "glass"  in  all  these  c»«s 
to  be  secondary  and  due  to  metamorphiBin,  incidental  to  a  partial  fuaon 
of  clastic  material. 

It  may  be  well  to  note,  as  bearing  somewhat  on  this  reelevation  of 
temperature  and  sintering  problem,  that  the  Farmingtoo,  McKinnev, 
and  Renazzo  stones,  in  which  are  conspicuous  traces  of  "glass,"  are  blidi 
chondrites,  such  as  Meunier^'  has  contended  and  as  subsequently  shflm 
in  our  own  laboratory,"  can  be  produced  by  heating  ordinary  chondri'*^ 
stones  in  an  atmosphere  poor,  if  not  wholly  lacking,  in  oxygen." 


"Sill,  der  h.  k.  Akad.  Math.-rhrs.  CUsae.     HuDchen.  18»9,  1  Hett. 

"  Compte  Beiiilu.  Paris  Acad..  yoI.  71,  1878,  p.  178. 

"  IToc.  Nat.  Acad,  of  ScleDces,  vol.  4,  1818,  p.  178. 

^  I  da  DOl  agree  nlth  Kaot  and  n'rluBCbenk  as  ta  tbe  origin  of  tbe  [''armlagton  ■M' 
Ther  aay,  in  Ibe  Amerlcao  .Tournal  of  Science,  rolame  43.  1892.  page  87 :  "All  tn« 
(minerals)  are  entlrel}'  enveloped  in  an  opaque,  evidently  slasar,  maEma.  .  .  .  I'** 
undoubtedly  not  a  polygenlus  conglomerate,  but  waa  rapidly  formed  oat  of  tbe  U" 
jllauy  magma."  Not  merely  docB  tbe  stone  contain  abundant  frasmentarr  cbcaMl* 
as  would  be  Impoeaibte  were  II  a  direct  procega  of  coollag  from  a  molten  magma.  ba<  I** 
amount  of  glass  Is  really  rery  small  and  mlgbt  mucb  mora  readily  be  aeoxuited  ^  " 
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That  a  rind,  or  border,  indicative  of  a  second  rise  in  temperature  ia 
to  be  found  about  some  of  the  ctoDdrules  of  the  Grosnaja  etone  was 
noted  by  Tschermak.  This  stone  is,  however,  a  black  chondrite,  which 
feature  in  itself  is  considered  as  due  to  heat.  More  enigmatical  are  such 
forms  as  are  shown  in  figure  5,  plate  4,  from  the  Beaver  Greek  chondrite, 
where  there  is  an  irregular  outer  border  strongly  suggestive  of  a  secondary 
growth.  If  such  is  the  case,  however,  it  is  questionable  if  the  same  must 
not  have  taken  place  at  some  prior,  earlier,  stage  of  meteorite  history, 
since  the  stones  are  both  almost  wholly  unaltered  spherulitic  ("Kugeln") 
chondrites.'" 

Tschennak,  in  his  description  of  the  Alfianello  and  Mocs  stones,*"  the 
first  an  intermediate  and  the  second  a  white  chondrite,  states  that  in  the 
.\Mancllo  he  finds  both  isotropic  and  doubly  refracting  granules,  and 
gome  that  appear  but  partially  isotropic,  transition  phases,  as  it  were 
(Kgure  1,  plate  5) : 

"Dies  rtirht  daeu,  die  isotropen  KUrncr  als  umgeecbmolzeneii,  alxo  durcli 
Krbltstmg  Isotrop  gewordenen  Plagloklas  aazusehen." 

In  Mocs,  plagioclsse  occurs  in  the  body  of  the  stone,  but  no  mas- 
kelynite.    In  the  fused  crust,  maskelynite  alone  is  found. 

II.  Michel,"  whose  excellent  work  on  the  feldspars  of  meteorites  is 
most  helpful,  notes  the  indications  of  thermo-metamorphism  in  the 
Juvinas  stone,  a  eukrite,  and  that  the  pyroxenes  have  become  more  or 
less  granulated  and  filled  with  glass  inclusions.  The  clear  border  or 
zones  about  the  plagioclase,  regarded  as  due  to  this  cause,  are  free  from 
inclusions,  less  strongly  doubly  refracting  than  elsewhere,  and  have 
variable  angles  of  extinction.  He  thinks  that  this  alteration  was  brought 
about  at  a  temperature  lower  than  that  of  the  fusion  points  of  the 
pyroxenes  (ISCS"),  resulting  only  in  a  reduction  of  the  feldspars  to  a 
condition  of  viscosity.  He  notes  further  that  the  white  chondrites  are 
rich  in  plagioclases  which  are  lacking  in  the  black,  and  that  the  inter- 
me<liate  and  gray  chondrites  occupy  a  position  in  this  re-spect  interme- 
diate of  the  two.  This  indirectly  confirms  Meunier's  opinion  as  to  the 
origin  of  these  black  forms. 

Accepting  the  fusion  points  as  given  by  Doelter*'  (bronzite,  1310°- 
1400°,  and  anorthite,  1250°),  it  is  not  difficult  to  conceive  of  metamor- 
[■hism  due  wholly  to  heat,  as  advocated  by  Tschermak  and  as  ia  appar- 


'  I  do  Dot  tgrce  olth  BreclD*  <Dle  MeteorltenuniQiluDg.  180S)  In  clieBlng  tbli  B«m*er 
frepk  atone  as  ft  cmilalUtie  ipberulltic  cbondrlte  (Cck). 
»  Die  UelMrlten.  etc. 

■<  Tacbermak'B  HIn.  aDd  Pet.  MllteU..  rol.  31,  1612.  pp.  GOO  et  al. 
*=  Haodliaeh  der  Ulnercbenilc,  toI.  1.  pp.  SBS-SSO. 
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ently  ao  evident  in  t^  meeosderite  <A  Estiiemlla,  Iowa.    In  m;  recoitj 
description  of  this  stone**  I  hare  shown  tiiat  in  tlw  proceBs  by  whidi  si 
elastic  Duxture  of  pynocene,  olivine,  and  feldspar  fiagmente  was  ooo-l 
Terted  into  one  essentially*  holocrystalline,  Xbe  larger  feldspar  fragmeid 
remain  in  all  gradational  forms  from  those  unaltered  and  still  ntuniqi 
tlteir  twin  striations  to  those  still  only  in  part  donbly  refractii^  bat 
stmctBrelees,  as  seen  under  the  microsoope,  and  in  stane  cases  witii  a 
unaltered  nudeal  cent«  merging  into  a  clear  border,  a  plain  prodaii 
secondary  fusion  (see  figure  5,  plate  3).    Facts  like  these  and  the 
rence  in  the  Moos  etone  of  the  maakelynite  only  in  the  fused  crnst 
seemingly  be  accepted  as  proving  beyond  a  questioD  tite  sectntdary 
of  the  mineral  through  heat  metamorphism,  tlkongh  that  there  are 
tions  is  noted  later. 

The  presence  of  the  secondary  form  of  phosphate,  to  which  Dr.  K  T 
Wherry  has  seen  fit  to  give  the  name  of  merrillite,**  I  consider 
indicative  of  metamorphism  by  heat  It  will  be  recalled  that  this 
of  the  mineral  was  first  described  by  me  in  1916**  as  an  almost  cok>r)M 
constituent  occurring  with  irregular  outlines  to  Qxb  ground-mass  of  t 
ous  stones  and  witli  optical  properties  too  obscure  for  determinatiui, 
the  chemical  nature  of  which  was  solved  by  micro-chemical 
The  occurrence  is  similar  to  that  of  the  maskelynite  and  leaves  no 
tion  as  to  its  being  one  of  the  last  minerals  to  solidify,  even  if  not  of  1 
secondary  origin  (see  figure  4,  plate  3),  Like  the  maskelynite,  the  min- 
eral is  found  to  be  of  almost  universal  occurrence  in  the  white,  gray,  and 
other  chondrites  of  assumed  metamorphic  nature. 

Assuming,  as  apparently  one  must,  the  correctness  of  twth  the  observa- 
tions and  conclusions  drawn  relative  to  the  origin  of  the  maskelynite, » 
given  in  the  previous  pages,  the  question  naturally  arises.  Why  are  not 
similar  forms  found  in  our  terrestrial  rocks?  Assuredly  conditions,  aa 
along  certain  contact  zones,  must  somewhere  have  been  favorable;  yet, » 
far  as  the  writer  is  aware,  not  a  single  example  has  been  reported. 

Berwerth  is  inclined  to  draw  a  comparison  between  these  forms  and 
■some  produced  in  terrestrial  rocks  through  contact  metamorphism,  sod 
refers  explicitly  to  the  peculiar  "gefloasene"  form  of  pyroxene  granule 
in  certain  silicate  rocks  and  the  "Wachsthumformen"  of  the  andalnsite 
in  hornstone.  I  am  not  at  present  ready  to  comment  on  this,  I  can  not, 
however,  agree  with  him  when  he  says  (page  645) : 

■  Proc.  C.  8.  Nat.  Mua.,  vol.  08,  1920.  pp.  36S-3T0. 

*■  America D  Uloeraloglgt,  vol.  2.  do.  9,  I91T. 

"Proc.  Nat.  Acad,  of  SclencpR,  vol.  1.  p.  302.     Sw  alio  Amrr.  Jmir.  Rp|„  toI.  4,1.  lOII. 

pp.  322-324. 
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"KuKPlItllduDRpn  eracbelneD  Ja  auch  auf  unserer  Erdeuberall  Aott  wo  netur- 
K-tie  (Mler  auch  KOnBtllcIie  QlaBflQase  elner  r&sche  Ahkuhlnng  ausgeeetz  Bind." 

As  a  matter  of  fact,  the  "Kngela"  of  artificial  glasses  are  not  clion- 

dniles,  but  apherulites.** 

>So  far  as  is  knoim,  no  systematic  attempts  at  an  artificial  production 
uf  the  material  under  conditions  at  all  satisfactory  have  as  yet  been  made. 
Frapiients  of  the  Mount  Hope,  Maryland,  gabbro,  described  by  Wil- 
liams*' a«  composed  essentially  of  plafrioclase,  diallage,  and  hyperstheiie, 
with  secondary  hornblende,  were  roastcil  in  a  gas  blast  furnace  in  the 
miLieuni  laboratory  until  reduced  to  molten  blebs  with  cores  of  still 
Bnineltcd  material.  Examination  in  thin-section  showed  the  pyro-iene 
>ii<l  aniphilxilic  minerals  to  have  fused  to  a  black  glasH,  while  the  feldspar 
(bytownite)  was  nearly  or  quite  unaltered.  A  mixture  of  finely  pulver- 
im\  bvtownite  from  NUrodal,  Norway,  and  a  light-colored  diopaide  from 
Siberia  yielded  a  like  result.  The  crudity  of  these  attempts  preventu, 
hdwever,  the  acrceptance  of  the  results  as  conclusive. 

It  is  likely  that  some  other  agent  than  heat  witli  or  without  reducing 
ga^s  may  have  been  efHcacious  in  bringing  about  this  nietamorphism ; 
ind,  if  this  agency  were  pressure,  are  there  visible  proofs  of  ib*  action? 
It  may  l)e  recalled  that  in  my  description'"  of  the  atone  from  Cullison, 
Kansas,  a  hard,  compact  stone  susceptible  of  a  polish,  but  which,  never- 
ibelesf,  T  classed  as  spherulitic  chondrite,  I  referred  to  an  "indistinct 
MIT  banding"  visible  on  a  polished  surface,  which  I  thought  comparable 
»ith  the  "schlicren"  structure  of  terrestrial  rocks;  in  other  words,  that  it 
inrlicuteil  a  one-time  shearing  movement  which  was,  of  course,  due  to 
pressure  (figun-  3,  plate  5).  Little  evidence  of  such  a  force  manifesting 
itwif  on  the  individual  minerals  and  microstnicture  is  available  in  the 
literature.  That  which  is  here  presented  is  largely  the  result  of  my  own 
observations.  In  many  chondritie  stones  there  are  well  marked  instances 
in  wbicli  the  finer  clastic  interstitial  material  seemingly  has  lieeii  formeit 
by  the  more  or  less  complete  crushing  of  the  larger  forms,  productive  of 

what  Cohen  calls  a  "paeudotrummerstructur."    Illustrations  of  this  are 

not  rare. 
In  the  Uhurmsala  stone  shown  in  figure  2,  plate  .'i,  the  large  crystal  of 

mstatite  near  the  center  has  been  crowded  against  the  radiate  chondrule. 

fractured,  and  in  places  reduced  to  fragments.     Here,  ai  in  many  other 

.■ases.  however,  it  is  difficult  to  say  just  what  portion  of  the  fine  inter- 

xrlrKSOD:   Amfr.  Jour.  Scl..  vol.  SO.  lOlG.  pp.  07-114. 

"  Run.  2H.  v.  ».  Gml.  Surras'.  1S8S. 

■>  Pruc.  i:  S.  N'ftt.  MUBedm,  tdI.  44.  1D13.  p.  ;12T, 
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stitial  material  is  to  be  regarded  as  original  detritus  and  what  produced 

in  place  by  attrition. 

Again,  in  the  Parnallee  stone  are  frequent  occurrences  like  that  shown 
ill  figure  1,  plate  6,  where  a  porphyritic  chondrule  has  been  crowded 
against  a  fragment  of  a  twinned  pyroxene,  bending  it  to  the  point  of 
fracture.  Still  other  illustrations  of  this  nature  are  afforded  by  the  re- 
cently described  Troup  stone,  an  intermediate  chondrite.'"  Thin-sectioni 
of  this  show  numerous  large  and  email  single  individual  fragments  of 
olivine  and  enstatite  with  torn  and  ragged  borders  and  no  remaining 
traces  of  crystal  faces,  completely  surrounded  by  iinely  granulated  elastic 
material  with  interstices  filled  with  maskelynite. 

No  other  conclusion  can  be  drawn,  as  it  seems  to  me,  than  that  theee 
particles  are  clastic,  and  the  only  question  relates  to  their  origin.  Are 
they  due  to  a  local  crushing  and  differential  movement  among  themselTea, 
or  are  they  tuffaceous  and  altogether  foreign  to  their  present  position? 
In  any  case,  since  their  consolidation  the  stones  have  been  subjected  tot 
rise  in  temperature  suiHcient  to  fuse  the  feldspathic  material  which  on 
cooling  congealed  as  a  glass  rather  than  in  crystal  form.  This  is  illus- 
trated in  the  section  of  tiie  AlGanello  stone,  an  intermediate  chondrite 
(figure  1,  plate  5). 

These  and  like  occurrences,  it  should  be  noted,  are  interpreted  br 
Renard  as  militating  against  the  possibiliti  (f  a  tuffacei.u  ongi  ("r 
the  stones.  He  (:alls  attention  to  the  frequent  ilight  amount  of  di  plnM 
ment  of  the  shattered  particles  and  correcth  argue"  tliat  sm  h  a  con!  ii  n 
would  be  practically  inipossihle  and  wliolh  impr  bable  were  the  materal* 
transjKirted  as  loose  detritel  tuffs.  He  thortfore  argue-i  that  the  "i  nf 
of  these  groups  were  once  crystalline  and  owi  their  prc^nt  <atafl«-l 
structures  to  the  dynamic  agencies,  as  alrcad\  noted 

In  rcplv  to  this,  attention  need  but  he  callel  to  the  fact  that  the  If 
placements  in  these  particular  instances  are  indeed  to)  slight  t  aceoun 
for  the  tuffaceous  structure  in  the  "Kugeklen  cliondrite  shdin  in  ti 
lire  1,  plate  2.  They  are  secondary  and  of  minir  importante  anl  ha 
in  my  belief,  no  l)earing  on  the  original  laturc — cr^'-ffllliie  or  frs 
mental — of  the  stone. 

Berwertli."    it  needs  be  stated,  was  oppo'-e  1  to  Ktiarl      \ie»      11 
presence  of  tiie  "Xetzbroncit"  binding  material  he  th  ught  a    lireit 
trndiction  to  tlie  idea  of  pressure  mctamorpjiism 

"Sui-li  ti  iKisslblllty  [lie  wrotej  fan  only  Ite  i  eepted  If  me  ci  iisi  lor- lb« 
lU'tzhronclt  as  a  product  iif  mechanical  attrition   which  l:heti^^  ean  not  be  aJ 
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Tanced,  considering  the  manner  of  growth.  The  laminated  brondt  (nets- 
broDdt),  acting  aa  a  cementing  iiubstauce.  Is  crystallized  from  a  fused  magma, 
and  therefore  the  thought  of  a  secondar;  cataciastlc  structure  caused  through 
pressure  Is  entirely  eliminated.  The  existing  cataciastlc  disruptions  can  he 
Kufflclently  explained  by  a  sadden  change  of  temperature  to  which  the  meteoric 
Nubstance  was  exposed  when  in  this  procesa  of  melting." 

The  objections  of  both  Benard  and  Berwertb,  as  it  seems  to  tbe  writer, 
are  done  away  with  if  we  consider  the  shattering  as  incidental  t«  the 
general  compression  to  which  the  stones  have  been  subjected,  as  having 
laken  place  prior  to  the  formation  of  the  netzbroncit  and,  above  all,  to 
that  of  the  maskelynite.  It  must  be  recalled  that  neither  of  these  minerals 
$how  any  trace  of  mechanical  distortion,  unleas  it  may  be  that  indicated 
by  a  slight  optical  anomaly.  The  maskelynite  in  no  case  that  has  come 
under  my  observation  E^ows  any  trace  of  the  fracturing  so  constant  a 
character  of  the  olivines  and  pyroxenes.  It  was  obviously  the  last  min- 
eral to  solidify,  and  its  production  was  the  closing  act  in  the  series  of 
changes  and  conditions  to  which  the  stones  have  been  subjected. 

.Although  the  interpretation  I  have  put  in  the  foregoing  pages  on  cer- 
tain structural  details  may  in  some  cases  seem  open  to  question,  never- 
theless the  facts  as  given,  it  is  thought,  fully  substantiate  the  idea  of 
metamorphism  in  meteorites — t^t  the  crystalline  forms  were  derived 
from  the  tuffaceons,  rather  than  the  reverse.  Whatever  lingering  doubts 
one  may  have  are  due  mainly  to  the  lack  of  certain  incidental  effects 
which  seemingly  should  have  been  manifest.  The  most  striking  of  these 
iliinorepancies  is  the  small  amount  of  true  magmatic  glass  found  in  any  of 
these  forms.  It  would  seem  strange  that  were  this  metamorphism  due  so 
largely  to  dry  heat,  as  is  apparent,  occasional  forms  should  not  be  met 
with  that  are  wholly  vitreous  or  that,  at  least  like  some  of  our  modern 
lavas,  are  largely  glass  with  varying  proportions  of  phenocrysts.  Any 
argument  based  on  this  feature  may  be  used,  however,  with  equal  force 
against  the  idea  of  direct  cooling  from  a  molten  magma.  The  suggestion 
that  the  so-called  tektites  may  be  representatives  of  the  missing  glassy 
forms  is  ruled  out  on  chemical  grounds. 

.\  brief  summary  of  the  matter  in  the  foregoing  pages  may  be  set  forth 
OA  below : 

I.  Evidence  of  metamorphism  mainly  through  dry  heat. 

( 1 )  The  presence  of  interstitial  maskelynite  and  merrillite. 

(2)  The  "glass"  border  about  the  kugel. 

(3)  The  absence  (in  the  metamorphosed  forms)  of  glass,  other 

than  maskelynite,  in  the  chondmles  and  the  presence  in  its 
place  of  fine  granular  crystalline  matter. 
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and  completely  enwrapping  a  chondrule  or  crystal  granule,  as  the  case 
may  be.  It  is  not  possible  that  the  temperature  during  the  period  of 
deposition  remained  sufficiently  high  to  hold  the  metal  in  a  condition  so 
liquid  as  to  penetrate  the  stone  to  this  extent.  The  only  alternative  is 
that  it  was  derived  from  some  easily  reducible  vapor  or  solution  of  greater 
penetrative  power  and  at  a  probable  lower  temperature.**  It  is  notice- 
able, farther,  that  there  is  in  these  cases  no  recognizable  corrosion  of  the 
silicates,  even  where  the  metal  occurs  in  much  larger  quantity,  a  matter 
to  which  I  have  elsewhere"  called  attention.  It  is  still  further  to  be 
noted  that  in  the  case  of  the  Cumberland  Falls  stone  the  metal  occurs 
also  in  form  of  a  thin  plate  lying  between  the  eoetatite  breccia  and  the 
(lark  chondritic  fragment  it  incloses.  In  this  case  at  least  a  portion  of 
the  metal  was  certainly  deposited  subsequent  to  the  brecciation  and  com- 
mingling of  the  fragments. 

A  study  of  a  large  number  of  analyses  shows,  however,  no  recognizable 
relationship  in  the  percentage  amount  of  metal  and  degree  of  meta- 
morphism. 

The  tuffaceoUB  meteorites,  as  previously  announced,  are  considered 
unquestionably  of  volcanic  origin.  That  a  ferrous  chloride  is  a  con- 
stituent of  volcanic  emanations  is  a  matter  of  common  knowledge.  The 
products  from  such  emanations  from  terrestrial  volcanoes  naturally  ap- 
pear largely  in  the  form  of  oxides,  but  in  an  oxygen-free  atmosphere,  and 
particularly  one  containing  free  hydrogen,  one  is  justified  in  assuming 
the  reaction  FeCl -(- H  ^  Fe  +  HCI.  Meunier  has  shown*"  Uiat  this 
reaction  may  take  place  at  a  temperature  not  exceeding  400°  centigrade. 
I  can  therefore  see  no  reasonable  objection  to  the  assumption  that  such 
an  origin  as  outlined  may  be  ascribed  to  the  metal  in  stony  meteorites. 
This  idea,  I  need  scarcely  state,  is  not  wholly  new. 

Summary  of  Conclusions 

The  chondritic  meteorites  are  regarded  as  of  a  tuffaceous  origin  and 
their  crystalline  structure,  where  such  exists,  as  due  to  metamorphisni  in 
which  both  heat  and  pressure  have  taken  part.  It  is  pointed  out  that  the 
must  perfect  chondroidal  forms  are  found  only  in  those  meteorites  the 
fragmental  (tuffaceous)  nature  of  which  is  most  prominent,  and  that 

"Iron  m«lti  at  about  1500°  cenllgnde,  while  the  bgurta  I  bave  quotMl  on  page  — 
(or  lb«  fuBlDS  points  of  Ibe  alUcatFi  range  from  1254)°  centigrade  to  141X1'  cea»grade, 
Tbe  roncluilcm  1>  obrioui. 

••On  cbondrnlci.  etc.  Proc,  Nat.  Acad,  of  Bclence*.  vol  6.  no.  S.  p.  470.  Tbe  brec. 
elated  paltaHllle  fonni,  like  tbow  of  Admire  and  Eagle  StalloD  (Roklk;  group),  ibow  In 
■n  even  more  marked  decree  Ibe  lack  of  any  corrosive  power  of  Ibe  metal. 

••  Ucteorltefc  Parti.  1SS4,  p.  S4«. 
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they  grow  less  perfect,  more  highly  altered,  as  they  paa«  into  cryatalline 
forms.  It  ie,  therefore,  suggested  that  the  mere  preeence  of  a  chondrule 
iD  a  meteorite,  whatever  its  present  condition,  is  indicative  of  a  tuffaceous 
origin.  The  clear,  limpid  interstitial  glass,  sometimes  isotropic  and  some- 
times doubly  refracting,  is  considered  feldapathic  (maskelynit«)  ajid  as 
due  to  metamorphism.  Further,  it  is  shown  to  have  been  the  last  mineral 
to  congeal  and  is  believed  to  represent  the  closing  act  in  the  series  of 
changes  through  which  a  stone  has  parsed.  The  dark  "glassy"  interstitial 
material  is  considered  likewise  secondary,  a  result  of  a  partial  refusion 
and  alteration  of  the  finer  interstitial  material,  accompanying  a  secondarj- 
rise  in  temperature.  It  is  shown  thatthe  crushing  of  the  individual  con- 
stituents, while  unquestionably  efficacious  in  the  development  of  a  cats- 
clastic  structure,  is  a  minor  feature  and  without  bearing  on  the  question 
of  the  original  tuffaceous  nature  of  the  stone.  The  metal  is  shown  to  be 
of  secondary  origin  and  its  introduction  subsequent  to  the  consoli<lation 
of  the  stone  in  ita  present  form  and  quite  independent  of  the  metamor- 
phism. 

The  foregoing  iuvestigatioQs>  1  may  state,  have  been  carried  out  with 
other  ends  in  view  than  have  been  thus  far  indicated.  It  was  felt  that 
in  following  up  the  life  history  of  a  meteorite — noting  its  original  con- 
dition and  the  changes  that  have  taken  place— some  light  might  be 
thrown  on  its  possible  source  and  subsequent  wanderings,  particularly  as 
we  are  able  ti)  realize  the  conditions  under  which  the  changes  liave  Ik'^-ii 
brought  about.  To  illustrate:  The  chondritic  meteorites  have  In-fri 
shown  to  be  a  result  of  explosive  vulcanic  activity.  Now,  vulcanism  i;' 
essentially  a  surface  phenomenon;  but  the  meteorites  invnrialily  curry 
unoxidized,  but  easily  oxidizable,  materials — chlorides  and  uu'taln.  Their 
formation,  on  the  assumption  that  these  are  primary,  must,  then,  ctr- 
tainly  have  taken  place  in  a  dry  and  oxygen-free  atmosphere.  Our  earth 
ns  the  niatcrnul  source  of  meteorites  is,  then,  at  once  ruled  out,  unlc^* 
their  birth  bo  relegated  to  that  far  period  of  early  youth  when  no  atnuis- 
jiliere  aw  we  now  know  it  existed.  Tlic  rest  of  tlie  story  is  not  yet  sii  clear. 
The  iron,  as  1  have  statt'd,  is  secondary  and  probably  owes  its  redueti^'ii 
to  metallic  form  to  the  influence  of  hydrofjen.  Where  such  an  atniusjilu-n- 
exists  is  for  tlie  astronomer  to  toll  ns.  The  fact  that  the  stinies  show  tliv 
elfcet  of  lieat  and  ni|)id  eiioling  may,  perhaps,  be  aceount*^d  for  on  tlu' 
conietary  liypothe.*it! — tliat  their  brief  stay  in  the  proximity  of  the  sun 
was  followed  liy  so  rapid  a  retreat  as  to  prevent  a  complete  recry:ital!iza- 
tiod  of  the  fused  material. 

If  Hie  investigation  fails  to  point  tn  n  complete  solution  of  the  problem. 
it  may  at  least  servo  a  useful  purpose  in  limiting  the  range  of  hypothese::. 
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EXPLANATION    OF    I'l.ATKfl  iili 

Explanation  op  Plates 
I'l^TR  2. — Pltotomicrograph*  of  Metrorites 

Fkvic  1. — PhotomliTOKrapl)  from  a  thIn-Rectlon  uf  tbe  Selma.  Atubama.  xtniip, 

riiowlDg  framuental  ctaondnilen  of  Hevpral  dlntliipt  types  which 

plainly  are  not  due  to  simple  cnixhliif;  In  pliice,  but  forelfti)  to 

their  present  envlroDment. 

rmm  2. — Porpliyrltlc  ctiondrule  with  glnxs  haw  from  the  tulTaeeous   [Ce) 

cbondrlte  of  Tenuaidlm,  Riuuila. 
tRns  3. — Pbotomlcrcigraph    of    tbln-Rectlon    of    the    cryNtallliie    sitherulttlc 
chondrlte  ICvk)  from  BlulT,  Texns.     Its  orlEliial  tufTa<«oUK  na- 
ture Ik  made  evident  liy  the  [)reitenee  of  nbmidtint  fragmeiital 
and  distorted  choudrulea, 

FtsDU  4.— Photomicrograph  of  porphyrltic  c-hondrule  In  Heudei-sonv Hie,  North 
Carolina,  (itone — a  crystalline  spheruUtie  chondrlte,  showing  the 
finely  crystalline  granular  nature  of  tlie  ground. 

FiGi'RC  a. — rhotomlcrograph  from  tliln-sectlou  of  the  Uenaszo.  Italy,  stcine— a 
hlnek  ctioudrite,  Hhowlng  the  gru<1ual  merging  Into  the  geiieriil 
grouDd-ninR.H  of  a  radiating  enntiUlte  chondrule. 

I'late  3. — I'kotomicnigrapht  of  ilrtrorHet 

['Jui'B£  1. — Photomicrograph  from  a  thln-sectloii  of  the  Estac-ado,  Texas, 
Ktone — II  crystalline  chondrlte,  Khowlng  crystalline  ground-mass 
and  Irregular  and  distorted  form  of  chondrules. 

Fieru  '2. — Photomicrograph  from  thin-section  of  Knslshelm  Ktone— a  lilack 
chondrlte,  showing  a  porphyrltic  chondrule  gra<lual1y  mentlng 
bito  the  general  ground-muss  and  with  Anely  Kniiiular  material 
in  the  Interstices  of  the  phenocrystM. 

tmatK  3. — I'hotomlcrograph  from  thiii-wectlou  of  the  Colby,  WlHcouHln,  Ktone — 
a  white  chondrlte,  showing  the  ahundant  inaRkelynlle  and  its 
wholly  nnshii tiered  condition. 
nnns  4. — The  calcium  phosphate  (merrllllte)  in  the   New   Concord,   Ohio, 

FlitnB  K. — Fbotomlcrogruph  from  a  thin-section  of  the  Gsthervillc,  Iowa, 
meteorite — mesoslderlte,  showing  In  the  center  n  lante,  i>artla11y 
refused  feldspar. 

Plate  4. — rhotomicrngrapka  of  Mrlf.oritPK 

FioL'BE  1. — Photomicrograph  from  thln-seotlon  of  the  Kiiynhlii.va  sttinc — a 
gray  chondHte,  showing  a  porphyrltic  chondrule,  with  border 
sometimes  referred  to  as  "glans,"  but  uppureutly  a  seeondary 
product  due  to  metamorpblsm. 

Fii.i'KE  li. — Pori>hyritlc  chondrule — Parnallee  stone — a  griiy  chondrlte,  whow- 
Ing  the  secondary  "glasH"  Isjrder. 
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FiGVBE  S. — rhutomicrograph  from  a  ttaln-seotlOD  of  fragment  of  Allegao  x 

that  had  been  heated  tii  a  gas  blast  furnace. 
Figure  4. — Barred  chondrule.wlth  luterstltlal  glaae  from  Beaver  Creek  stoi 

a  cryKtalllne  sphemlitlc  chondrite. 

I'LATE  D. — I'holomicrotfrapht  of  Ucteoritei 

Figure  1. — rhotomlcrogrnpb  from  ttiin-Hectlun  of  the  Alflanello,  Italy,  ttu 
an  Intern leil late  cbondrlte,  showing  interstitial  areat 
nlte. 

FlouRB  2.— PhutomlcTograph  from  thln-sectlon  of  Dhnrmsala  stone — an  Inter- 
mediate ehuiiilrlte,  showing  pyroxene  crystal  cnuhed  between 
two  chondrules. 

FiGt'HE  .1. — Polished  slice  of  CulllHon  stone,  showing  structure  line*. 

I'LATE  <S.—l'hiilomUr(tgrap]x»  of  ileteoHte* 

Fiui'RE  1. — I'hotouikTugrui'li  from  tliin-He<rtion  of  the  Famallee  stone,  sliuw- 

Ing  twinned  |)yroxene  crystal  t)Otit  ond  broken  against  a  mossin-^-    -^ 

ohondroldal  form. 
FiuiTRE  '2. — Phi)tomli-r<it;rHph  from  tLlu-xectlon  of  Troup,  Tesas.  stone — an  In —    *^' 

teruiedlate  <'hondrlte,  showluK  large  enstatlte  crystal  shnttereiE~  »-^^ 

and  disintegrated  along  tlie  borders. 
FiovRE  3.— Photomlcmsruph  from  thlu-sectlon  of  Pamallee,  India.  stouc--:i  ^  — ' 

gray  chondiite,  showing  secondary  distribution  of  the  metal. 
FioiTKR  4. — Pollslied  slice  of  the  Cumlierlaud  Falls,  Kentuckj-,  meteoric  brei-'— '^""^ 

cla — a  whitlylto,  showing  secondary  depotddon  in  fine  plates  lie--*'-*  * ' 

tween  the  silicates  of  the  dark  fragment  and  between  the  frag-'^*  * 

mi'iit  and  the  enstatlte  breccia. 
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Introduction 


TW  Sdlitario  is  a  circular  dome  5  miles  in  inside  and  7  miles  in  out- 
*"ls  iliaineter.  situated  60  miles  suuth  of  Marfa,  west  Texas,  in  both 
IV-iiiio  un<!  Brewster  counties  (figure  1),  It  is  in  the  trans-Pecos  sec- 
I'on.  !i  miles  in  a  straight  line  from  the  Rio  Grande,  on  tlie  western  side 
of  llio  '"Hij;  Bend"  in  the  river  and  25  miles  east  of  Presidio.  Occasional 
r8i)Hii?ii  are  Muttered  througli  this  barren  mesquite  desert,  but  few  are 
iifur  (lie  hi{;httavs.  Military  roads  have  l)een  constructed  from  Marfa  to 
r^jiia*;  past  tlie  fSolitario  and  to  other  outposts.  There  is  a  wagon  road 
fn.ni  llie  IjiijitaK  road  past  McMalion's  ranch  into  the  north  end  of  the 
I'plifi. 

Altbougli  the  ,Solitario  is  tihowii  on  the  topographic  sheet  of  the  Ter- 
lin^ua  quadrangle.  United  States  Geological  Survey  (figure  1),  and  al- 
rlumgh  it  has  l)een  visited  by  several  geologists,  Including  G,  K.  Gilbert, 
J.  A,  Udden,  and  R.  T.  Hill,  nothing  has  ever  been  written  about  it,* 

•  MsnuMTlpt  rMrtvpd  by  the  Secretary  ot  thf  Hodfty  May  17.  Ht;"!, 
:  II  Id  Mhown  on  Uk  ■■(ipo logical  ma|)  ot  a  portion  of  weHt  Tpibb."  liy  B.  l'.  HIM  and 
J.    A.   lilden.    I'nlTPnilty   of  TelBK  MlDcraloRlcal   Survey.   1IKI4.      R^firpncni  to   the   Big 
ilpdd  iiiiintry  are:  J.  A.  I'ddeo.  A  Bketcli  of  the  Keology  ot  the  ChlKDM  country.  BrewHtcr 
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INTRODUCTION  419 

The  most  remarkably  symmetrical  dome  attracted  the  attention  of  the 
wrriter  in  1919,  in  passing,  and  caused  him  to  spend  several  days  within 
it  in  1920  in  part  in  the  company  of  Wallace  E.  Pratt,  to  whom  he  is 
i  udebted  for  many  suggestions.  Mr.  W.  S.  Adkins  and  others  of  the 
iEnreau  of  Economic  Geology,  Austin,  Texas,  have  studied  the  area  in 
cJetail,  tinder  the  direction  of  Dr.  ITdden,  and  the  present  brief  descrip- 
-^inn  ia  preliminary  to  their  report. 

Summary 

Geologically,  the  Solitario  consists  of  an  unroofed,  steep-sided,  flat- 
topped  dome  formed  of  Lower  Cretaceous  limestones,  within  which  there 
is  an  eccentric  dome  of  steeply  tilted  Ordovician  cherts,  limestones,  and 
Exhales,  Devonian  ( ?)   novaoulite,  Pennsylvanian  shales  and  sandstones, 
and  Permian  limestones,    A  portion  of  the  OretaceouB  cover  is  preserved 
in  the  center  of  the  dome  on  a  high  ridge  which  runs  from  east  to  west. 
S)uth  of  this  ridge  the  Pennsylvanian  shales  and  sandstones  on  the  south 
side  of  the  Ordovician  dome  are  cut  and  in  part  covered  or  replaced  by 
volcanic  breccias  and  intrusives  {figure  2).     Volcanic  activity  is  every- 
where visible  in  dikes,  sills,  and  laccoliths,  the  most  extensive  sill  being 
within  20  to  100  feet  of  the  base  of  the  Cretaceous  and  extending  around 
a  great  part  of  the  periphery  of  the  dome,  as  well  as  through  the  inlier  in 
tile  center.    Solitario  Peak  is  an  igneous  mass,  probably  a  volcanic  plug, 
uiil  an  unnamed  htll  on  the  north  is  a  laccolith,  but  no  attempt  is  made 
in  map  or  <lc«uril)e  the  other  igneous  masses. 

The  Sulitario  and  the  Marathon  uplift,  (10  miles  nhrtheast,  are  part  of 
"I  area  mountain-built  in  Permian  time  and  later  buried.  The  broad 
and  gentle  uplift  of  the  latter  after  Cretaceous  deposition  is  believed  to 
hnve  resultefl  from  compression  at  right  angles  to  the  direction  of  the 
I  earlier  forces.  The  very  abrupt  and  symmetrical  doming  of  the  Solitario 
may  be  arcnunted  for  in  the  same  manner  or  possibly  by  a  laccolithic 
intrusion  in  basal  Paleonoic  strata.    The  Cretaceous  cover  of  the  Solitario 

<'iHinty.  Tpiaf.  I'ali-pnilty  of  Tcxub,  niillrlln  Kt.  IDUT :  .1.  A.  I'ddpn.  Nolm  on  Ihp  ni^lox.v 
«t  thr  OIukx  MaunlBlDn ;  and  C.  U  UaUpr  and  W.  K.  Bowman.  lipoloKlc:  eiploratloD  nl 
lln>  wmthPHKlprn  Front  Rangp  of  iranB-rpcoB.  TpiaH.  IntvfntUy  of  Tpxhh.  Unllplln  lTr>;i. 
11)17:  J.  A.  i;dd«n,  C.  1..  Batrr.  and  K.  BUw.  K«v1pw  of  Ihe  groLoK.v  of  Teina.  UnlvpraKy 
n(  Tfias.  HuJIcdn  44.  lliin :  K.  A.  Llddle.  Tbe  MarutboD  told  and  Ita  InSuence  on  pplro- 
Ipum  acciimulalloD.  rnlTerallj  of  Teiaa,  Bulletin  1847,  IttlS  ;  B.  F.  HUl.  The  TerllnEua 
giilclcitnirr  depoBlta.  Brewstpr  County,  I'nlverslry  of  Tpibi',  Butletln  tn.  1902 ;  T,  W. 
Vaughan.  RKonnoliMnce  In  tbe  Rla  (irand»  coni  fields  of  Tpias.  1'.  S.  <ipo]onlcal  Survey. 
BuirPtln  164.  tOOO:  J.  A.  Udden.  The  anilcllnal  theory  an  applied  to  Borne  quicksilver 
deposlta  ITerllnmia  District,  BrewBler  rounlyl.  Vnlverslty  of  Teiai.  Bulletin  1822,  iniM. 
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GEOLOGY   OP   THE   REGION  4ill 

has  been  fractured  by  faults  and  by  volcanic  intrusions  and  extrusions 
and  largely  eroded. 

Regiohal  Oeolooy 

The  Big  Bend  country  and  the  area  to  the  northward  comprise  the 
voWnic  plateau  of  western  Texas.  A  vast  region  is  covered  by  lava  flows 
and  ash  beds  or  by  bolson  deposits  which  conceal  the  bedrock.  Cretaceous 
rocks  are  exposed  at  the  edges  of,  and  occasionally  within,  the  volcanic 
area. 

That  volcanic  activity  began  during  the  Upper  Cretaceous  and  con- 
tinued into  the  Tertiary  ia  shown  by  plant  remains,*  The  lavas  are  ando- 
sitic  and  rhyolitic  in  character  and  they  are  described  by  Dr.  Whitman 
Cross  in  an  unpublished  manuscript  of  the  United  States  Geological  Sur- 
vey by  Mr.  R.  T.  Hill  on  the  Big  Bond  countrv'.  Both  flows  and  ash 
beds  can  be  traced  for  many  miles  in  mesas,  and  the  good  exposures  invite 
careful  mapping  and  study. 

Structure  of  the  Big  Bend  region  must  be  considered  for  the  Paleozoic 
and  Cretaceous  terranes  separately.  The  younger,  as  shown  to  the  writer 
by  Mr.  Hill  and  later  observed  in  the  field,  forms  a  high  plateau  100 
miles  in  width,  broken  on  either  side  by  fault  bloclia  tilted  toward  the 
plateau.*  The  faults  on  the  east  are  in  the  Boquillas  (Carmen)  Moun- 
tains; those  on  the  west  are  in  tlie  Sierra  Vieja  Mountains.  Many  other 
Taults  with  profound  escarpments,  like  those  south  of  Lajitas  and  Ter- 
lin^a,  add  complexity  to  the  structure.  In  spite  of  these  fractures,  the 
Rio  Grande  has  maintained  its  course  developed  during  the  igneous 
activity,  and  the  only  sedimentary  records  of  tlie  canyon-cutting  stage, 
as  interpreted  by  the  writer,  are  part  of  the  very  thick  bolson  deposits 
l>etween  Presidio  and  El  Paso.  In  Mexico,  the  Burro  Mountains  south- 
east of  the  Big  Bend  represent  block-faulted  Cretaceous  mountains  cut 
by  intrusions. 

Paleozoic  rocks  outcrop  at  only  four  localities  in  the  Big  Bend  region — 
Marathon,  the  Solitario,  Shafter,  and  west  of  the  Chiuati  Mountains,  in 
Pinto  Canyon  (undeseribed).  The  nearest  Paleozoic  areas  are  the 
(iuadalupe  and  Delaware  Mountains  to  the  north  (figure  1)  and  the 
Llano-Burnet   (Central   Mineral)    region   to  the  east.     The  former   is 


■  E.  W.  Berrj :  An  ICocpne  flora  from  tram-l'fcos,  Te 

isa.     U.  n.  <iPot.  Miirr 

fy.  IToff. 

Kl»Dal  I-apfr  I25A,  1019. 

>C.   I>  Bsker  deicrlbMl  (bit  ptatrau  at  a  btack  r«lat1i 

■f\S  \em  PtPialpd  thtin 

any  oth? 

paH  at  the  traDB-Pecas  (Review  ot  th«  Geologj  of  Tpii 

M.  I'nlTPriilty  of  Tpih 

B,  Bulleti 

44,  1916.  p.  15). 
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arch-Hantfaon-SoIitario  folding.  All  this  tedding  ii,  howerer,  Ap 
lacfaiui,  SB  long  ago  pointed  oat  b;  R.  T.  HiH,^  became  tiw  Cordille 
folding  b^BD  irith  the  Tjotuiiw  itmiMim.*  Oontneting  f)ie  Gretace 
CordiUenn  and  Paleosotc  Appalachian  etnelune,  the  atrfte  of 
former  is  northireBt-KnithieiBt,  the  latter  at  rij^t  anglea.  TTndonbte 
the  combination  of  ttien  linea  of  folding  hai  been  an  important,  if  na 
decisive,  factor  in  the  foTToation  of  domes  such  as  the  Solttario  i 
Mai-athon.  The  exposures  of  Pennsylvaniaii  and  Permian  rocks 
Shafter  and  probably  west  of  the  Chinati  Mountains  are  acciden 
because  they  are  apparently  the  tilted  edges  of  cast-west  fault  bio 
exposed  in  the  deep  dissection  of  the  volcanics  by  Cibolo  Creek.  Simi 
e-iposurcs  in  Mexico  are  reported  to  the  writer  by  Dr.  Udden. 

Detailed  Oeolooy 

BTItATiailAi'HT 

Fossils  ill  prc-Cretaceous  rocks  are  difficult  to  find,  and  the  age  dei 
minations  are  made  by  analogy  with  the  Iklarathon  region,  where  exccll 

'  I'hyslcttl  KPogrs|)hy  of  the  Texas  region.     V.  S.  Geol.  Siirver,  tapo|ri.[ihlc  all* 
tbe  United  Statpn,  t^ollo  3,  1000,  p.  4. 

•  Willis  1'.  l<ee  dlangrees  wttb  tbls  rpasonlng  In  bla  paper  on  "Granite  Id  esalcra 
Meilw  wellB''  (Bull.  Amer.  Assn.  Tel.  Geol..  vol.  n,  no.  2,  1021.  p.  lesi.  where  be  sU 

"The  reonsy  Ivan  Ian  aedlmprlatlon  was  brought  to  a  close  In  New  Mexico  bj  tbe  el 
Hon  of  mountBlns   which  the  writer  has  termed  the  Ancestral   Rock;  MountalDe. 
renDBjrtvaalan  strata  were  upturned  In  thew  mountains,  eroded,  and  prohaUy  In  i 
pincea  entire!]'  removed.    ...    It  seema  appropriate  to  regard  (the  poat-renoaTlTi 
uncantonnltf  1  as  a  major  uncontorwlty." 


byGoo'^lc 


DETAILED    OEOLOOY  4'i3 

iiiHcctioim  liavo  bt'eii  made.  C'arabriaii  fossils  have  been  kleiitifit'd  in  ati 
auticliiial  fold  south  of  Marathon,  but  not  at  the  Solitario,  The  white 
itii\aculite,  which  fomis  conspicuous  ridges  in  the  northern  half  of  thu 
ii))lift,  is  the  most  conspicuous  Paleozoic  forniatiou,  and  it  is  clisarly  the 
Caballos  novacuUte  which  is  possibly  of  Lower  Devonian  age.  Beneath 
It  anil  within  the  novaculite  rim  in  the  northern  half  are  the  black  cherts 
and  silicified  shales,  which  belong  to  the  Maravillas  formation  of  Middle 
Hitd  r|)[>er  Ordovician  age  and  contain  graptolitcs  at  Marathon.'  The 
older  blue  and  gray  limestone  and  black  sliale  are  probably  the  Marathon 
TuiDiation  of  Lower  and  Middle  Ordovician  age.  Overlying  the  novacu- 
lite and  structurally  conformable  witli  it  is  the  Tesnus  formation,  of 
I'ennsylvanian  age."  The  Tesnus  formation  is  exposed  in  the  south  part 
iif  the  Sotitario  and  in  the  synclines  in  the  northeast  and  southwest  parts 
of  the  novaculite.  Plant  remains  collected  'ii't  feet  from  the  top  of  the 
Tesnus  formation  at  Marathon  (latitude,  M)"  -1'/^.';  longitude,  103°  19') 
were  identified  by  Mr.  David  White  as  probably  of  Upper  I'ottsville  age, 
to  lie  correlated  with  the  base  of  the  Magdalena  group  of  New  Mexico  and 
tt  ith  either  the  Strawn  or  Bend  formations  of  west  central  Texas.  Uplift 
and  erosion  everywhere  followed  the  deposition  of  these  and  accompany- 
ing formations. 

i'ennsylvanian  or  Permian  (?)  limestones  are  exposed  on  either  side 
of  the  wagon  road  in  the  north  end  of  the  Solitario,  between  the  basal 
Cretaceous  conglomerate  and  hills  of  igneous  rock.  The  hills  seem  to 
rejires^nt  an  intrusion  which  came  up  along  the  fault  se|)Brating  these 
I'lne  itines  from  those  of  Ordovician  age.  The  limestone  is  bright  yellow 
in  color,  the  appearance  Iwing  similar  to  that  of  the  Permian  limestone 
in  Shackelford  County.  It  contains  crinoids  and  other  poorly  preserved 
fossils,  which  are  of  Upper  Paleozoic  age.  The  only  Pennsylvanian  lime- 
stone with  which  it  can  be  correlated  is  the  Dimple  at  Marathon,  but 
there  are  many  Permian  limestones. 

l^iwer  ('retaceouR  sedimentation  followed  a  period  of  orogi'ny  and  ero- 
sion. The  basal  Trinity  conglomerate,  100  feet  or  more  in  tliickness, 
ii.nsiKts  of  well  rounded  pebbles.  The  absence  of  litlioiogic  breaks  in  the 
ii\(!rlying  limestone  series  and  the  thiiuiess  of  the  btisal  <iiii  glome  rate 
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indicate  rapid  subHideuee  uf  the  region  and  relatively  great  distance  from 
a  shore.. 

Most  remarkable  exposures  of  Lower  Cretaceous  limestone  form  the 
rim  of  tlie  Solitario  one  mile  in  width  on  the  north,  east,  and  west  sides, 
dipping  30  degrees  to  50  degrees  (figure  3),  More  gentle  dips  on  the 
southeast  extend  these  limestones  5  miles  from  the  rim.  The  thickness 
of  the  limestone  must  be  over  3,000  feet.  Above  it  and  in  tlie  valleys 
surrounding  the  rim  the  Del  Rio  clay  and  the  Bnda  limestone  may  hotii 
he  recognized  as  at  Del  Rio.    The  latter  is,  in  places,  very  white. 

t'pper  Cretaceous  sediments,  except  the  Eagle  Ford  flags,  are  lacking. 
These  flags  consist  of  bluish  arenaceous  shale  and  of  sandstone,  which 
weather  dark  yellow  in  color.  They  compose  the  low  hills  on  the  outer 
side  of  the  circular  drainage  system  and  they  also  compose  the  low  hills 
south  and  southwest  of  the  dome,  where  they  become  chalky. 

Lava  flows  and  ash  beds  capping  the  volcanic  plateau  overlie  the  Eagle 
Ford  flags,  but  the  folding  in  the  latter  is  no  gentle  that  the  structural 
relations  with  the  flows  were  not  observed.  Elsewhere  the  Austin  chalk 
and  Taylor  marl  or  tlieir  equivalents  have  been  found  in  western  Tesas, 
but  it  is  doubtful  if  they  were  ever  deposited  here.  Uplift  and  volcanic 
activity  began  after  the  Eagle  Ford  sedimentation. 

eTRCCTUBB 

The  structure  of  the  Solitario  is  shown  in  the  cross-sections  presented 
in  flgure  3.  The  Paleozoic  rocks  are  closely  compressed  with  folds,  some 
of  which  are  isoclinal  or  even  overturned.  These  folds  are  best  seen  in 
ttie  hills  on  the  east  and  west — on  the  east  where  a  creek  cuts  through 
the  novaculite  and  winds  between  two  anticlines  of  novaculite,  and  on  the 
west  in  the  novaculite  ridges  which  finger  out  toward  Burnt  Camp  into 
anticlines  which  disappear  beneath  the  Cretaceous.  Another  outcrop  of 
novaculite  south  of  McGuirk's  tanks  is  overlain  by  Cretaceous  limestone. 

When  the  outcrops  of  novaculite  are  considered  together,  the  contin- 
uous and  curved  ridge  on  the  east  shows  a  pronounced  dip  outward  from 
the  central  plain;  the  ridge  on  the  south  shows  tilting  to  the  south  and 
the  ridge  on  the  west  also  shows  a  southern  dip.  On  this  evidence  the 
plain  which  forms  the  northern  half  of  the  uplift  is  believed  to  be  anti- 
clinorial,  and  the  novaculite,  which  would  normally  outcrop  in  parts  of 
this  area,  is  believed  to  have  been  eroded  from  an  older  arch  in  pro- 
Cretaceous  time. 

Subtracting  the  dips  of  the  Cretaceous  rocks  from  those  of  the  Paleo- 
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zoic  Ktrata  gives  approximately  the  dips  of  the  older  series  in  pre-Cn'- 
tacfous  time,  except  for  the  foreshortening  taken  up  in  met  amor  phisni. 
Therefore  the  dips  must  have  been  5  degrees  to  50  degrees.  At  Marathon 
the  Crctfti-eous  now  dips  at  angles  of  3  degrees  to  10  degrees  over  truii- 
eatpfl  folds  which  are  in  part  isoclinal.  This  relation  indicates  that  tlu' 
major  folding  in  tlie  Big  Bend  region  was  pre- Cretaceous. 

The  t^retacreous  rocks  are  more  gently  and  regularly  foUIed  on  the  siilw 
of  the  uplift,  the  steepest  dips  being  on  the  north,  northeast,  and  we^t. 
Tile  eroded  edges  of  these  limestones  at  the  hasal  contaet  with  the  older 
Toi-kn  around  the  periphery  of  the  dome  dip  steeply,  but  on  the  westj-ni 
side  the  contact  is  still  preserved,  extending  within  the  dome  and  rising 
to  tlie  top  of  a  ridge  of  novaculite.  Here  the  degree  of  dip  in  the  lime- 
stone diminishes  rapidly  and  becomes  gentle  and  almost  flat  above  the 
novaculite.  This  relation  suggests  that  a  relatively  ftat  anh  of  limestone 
existed  over  the  Uplift  before  the  dome  was  disrupted  by  igneous  intru- 
sion ai'comjianied  by  faulting.  It  further  suggests  that  the  post-Cn- 
tateous  doming  can  be  compared  with  the  punching  upward  of  a  circular 
core  Ity  igneous  intrusion. 

Inliers  of  Cretaceous  limestone  cap  several  hills  in  the  volcanic  area  at 
the  south  end  of  the  uplift.  Ktill  other  fragments  of  limestone  are  found 
in  the  volcanic  breccia,  into  which  they  have  evidently  fallen  with  the 
erupted  material.  The  volcanic  disturliauces  have  depressed  the  inliers 
lielow  the  base  of  the  limestone  in  the  Solitario  rim. 

The  principal  inlier  is  in  the  center  of  the  dome.  The  central  liill" 
(  onsist  of  Cn-taceous  limestone  with  a  sill  at  the  base  resting  on  novaculile 
and  cut  oif  or  overlain  by  volcanic  breccias  on  the  east  and  south.  A  dike 
^eparates  the  limestone  from  Uie  inivaculite  on  the  west.  The  elevati'Hi 
of  the  base  of  the  limestone  on  the  north  is  approximately  the  same  at 
that  tif  the  basal  contact  around  the  dome,  but  the  dip  of  the  inlier  is  tn 
the  south.  Such  relationship  may  be  explained  in  at  least  two  way^: 
The  folding  in  the  limestone  roof  may  originally  have  conformed  to  rela- 
tive ctjmpeten(*  of  formations  accentuated  by  folding  and  the  inlier  may 
be  jiart  of  an  original  syncliiie.  On  the  other  hand,  tliis  inlier  more 
lirnlablv  owes  its  preseiit  jiosition  to  faulting. 


The  problem  is  to  explain  tlic  origin  of  a  circular,  flat-topped  dome  -'i 
mile*  in  inside  and  8  miles  in  out.iide  diameter,  uplifted  one  mile  in  a 
horizontal  distance  of  2  miles.    The  Marathon  dome  is  broad,  with  gentle 
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slopes.  It  lias  a  diamekT  of  approximately  SR  milee,  with  an  uplift  of 
about  one  mile  in  10  miles  or  mure.  In  boUi  ar^as  there  were  two  periods 
iif  major  folding,  with  compressive  forces  of  the  second  jMriod  aetliiK  at 
right  Kiijiles  to  those  of  the  first  period.  At  the  Solitario  there  was  in- 
li-iiF^-  volciinic  actinii  maiiifestcd  as  intrusives  and  cxtrusives,  while  at 
Miirathon  there  was  practieallv  no  vulcanic  action. 

Intrusion  of  a  laccolith  or  other  igneous  bwiy  into  the  lowest  Paleozoic 
■^inita  at  the  Solitario  may  explain  the  abruptness  of  the  ujilift.  The 
sills,  dikes,  antl  volcanic  breccia  would  he  connect«'d  with  such  a  body. 
Six  or  more  laccoliths  in  and  near  the  Cbisos  Mountains  southeast  of  the 
Sulitario  have  been  described  by  Dr.  I'dden.*  The  Christmas  Mountains. 
mar  by,  are  a  faulted  dome  in  Cretaceous  limeatnne,  one  and  one-half 
miles  in  iliameter,  uplifted  .t,r(00  feet,  and  are  probably  a  laccolith,  as  yet 
nnr(K>red.  Other  similar  intrusive  uplifts  are  found  farther  south  in  the 
Burro  Mountains  of  Mexico. 

This  hypothesis  would  explain  the  circular  outline,  the  stwp  sides,  and 
apparently  Hat  top  of  the  dome.  Furtliermore,  some  intrusive  body  or 
IxHlies  must  underlie  the  dome,  becau.se  of  the  concentration  of  dikes, 
]ilugs,  and  sills  and  because  of  the  vast  amount  of  volcanic  breccia  which 
has  come  from  some  intrusive  which  broke  through  to  the  surface.  It  is, 
liowcvpr,  difficult  to  conceive  of  tlie  form  and  size  of  an  intrusive,  even 
■  if  an  intrafonuational  laccolith,  in  ««implexly  folded  rocks  which  would 
fullill  the  requirements.  The  laccolithic  intrusions  above  ciK-d  seem  to  he 
iiinfined  to  ('retace*ius  limestones, 

.Vnother  hy|H)thesis  is  that  the  doming  can  be  explained  by  tectonic 
fiincs  without  igneous  intrusion.  An  analogous  uplift  in  Tcunessi-e  has 
It^-n  called  to  the  attention  of  the  writer  by  W.  A.  Nelson,  the  State 
Urologist.  This  di»me,  the  Wells  Creek  Bai^in,  in  Stewart  County,  near 
I'nnilxTland  City,  is  two  miles  in  outride  diameter  and  shows  an  uplift 
of  about  one-half  mile,  with  <1ipH  around  the  edges  "at  high  angles  and 
at  some  points  even  vertical."  '"  This  uplift  of  I'pper  (.'ambrian  into 
Missisitippian  limestone  is  li)  miles  from  the  ncare.4  dike  In  Kentucky. 
An  unconformity  is  shown  in  the  ."eetion  at  the  dome,  hut  not  elsewhere, 
and  therefore  the  dome  is  a  rejuvenation  of  an  idder  uplift.  The  doming 
is  clearly  the  result  of  leitonic  movements  free  fnmi  igneous  action. 
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From  the  analogy  of  the  Wells  Creek  Basin  it  is  believed  that  tlie 
origiDal  doming  of  the  Solitario  was  caused  principally  by  tectonic 
forces.  It  is  further  believed  that  the  symmetry  of  the  dome  is  related 
to  the  preexisting  structure  in  the  older  rocks,  which  was  probably  anti- 
clinorial,  this  structure  fonning  a  locus  for  the  concentration  of  etrwscs 
developed  during  the  folding  of  the  Cretaceous  rooks. 
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Introduction 

One  of  tlie  great  problems  of  geology  is  the  explanation  of  the  tliffer- 
eiices  between  the  climate  of  the  present  and  that  of  the  past.  Today 
there  are  great  contrasts  fruni  zone  to  zone  anil  from  season  to  season. 
During  mueh  of  tl»e  past  there  wa-s  relative  uniforniitv  from  latitmle  to 
latitude  and  from  summer  to  winter.  Doubtless  many  fat-tors  helped 
liriiig  about  this  change.  One  factor  tliat  appearH  not  to  have  l>een  dis- 
cussed, however,  in  increased  salinity  of  the  ocean.  There  is  a  general 
agreement  among  geologists  that  the  iK-ean  has  lieaime  increasingly  saline 
tliroughuut  tlie  ages.  Indei'd,  calculations  of  tlie  rate  of  accumulation 
cif  salt  have  Ix'en  a  favorite  method  of  arriving  at  estimates  of  the  age  of 
the  ocean  and  Iieiice  of  the  earliest  marine  sediment*.  So  far  as  known, 
however,  no  geologist  or  climatidogist  has  discus.sed  the  probable  climatic 
effects  of  increased  salinity.  Yet  it  ."ecms  clear  that  an  increase  in 
salinity  must  have  a  slight  effect  on  climate,  and  may  jiossiljly  help  to 
explain  some  of  the  punKling  facts  of  earth  history. 

Salinity  nECHEAsus  Evai'ohatjon 
The  change  from  a  slight  salinity,  when  the  ocean  was  young,  to  the 

'  ManuxrHpt  m-clvnl  liy  Hi?  SMTftary  cjf  Ihp  Hwlcry  July  R.  I!l:;i. 
'iDt'nxlurpd  liy  Ellswortli  lluiitlDttKin. 
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present  saliiiitj'  of  3.5  per  cent  would  help  produce  zonal  and  nea.*mal 
extremes  [-hiefly  in  three  ways : 

Increased  salinity  reduoes  the  rate  of  evaporation.  Aecording  tu  111" 
fxiw'rinu'nts  of  Mnzelle  and  Okaila,  as  reportwl  by  Kriimmel.  evaiMiralimi 
frum  ordinary  wea-water  takes  plai-e  from  »  to  .'10  i»er  i-ent  less  nipiilK 
tlian  from  fresh  wator,  uikUt  similar  conditions.  (The  ditTereni-i'  in  tin 
[KTcental  effect  of  salinity  depends  larjrely  on  whetiier  the  water  is  stirnil 
hy  winds  or  not.)  Hence  increased  salinity  during  tteolopic  time  lii^ 
reduced  evaporation,  and  thus,  doubtless,  has  iesseiietl  the  annmiit  <<( 
wat(!r  vajnir  in  the  air.  The  water  vajwr  in  the  air  is  the  chief  hiaiiketiiij: 
apjnt.  Heducti<in  in  the  blanketing  effect  of  the  atmosphere  means  nmrf 
wvere  diurnal  and  seasonal  range  of  temperature  and  gn-ater  cnritra-r 
from  zone  to  Kone. 

Salinity  lowers  the  FRKezisn  Point 

Increased  salinity  also  means  a  lower  freezing  tem)>erature  of  thr 
ocean.  The  present  salinity  of  almut  H,-'>  per  cent  lowers  the  fni-wii^ 
jxtint  of  the  ocean  from  3a  degrees  Fahrenheit  almost  to  28  deim? 
Fahrenheit.  If  the  ocean  were  fresh  and  our  winters  as  cold  as  nuw, «!! 
the  harbors  of  New  England  and  the  Middle  Atlantic  States  freqiieiith 
would  Iw  ic'cbound.  The  North  Sea  would  also  be  frozen  freijuenlty  mul 
the  British  Isles  iK-casionally  locked  in  ice,  and  in  subpolar  latiluiles  tln' 
area  of  [wrmanently  frozen  oceans  would  lie  much  enlarged.  The  imtinn 
elTccts  of  the  lower  freezing  point  of  saline  than  of  fresh  water  ari'  cmii 
more  sigiiiHcant  than  the  direct  effects.  • 

One  direct  effect  of  the  low  freezing  point  of  saline  water  is  that  iln' 
open  ocean  in  high  latitudes  is  now  cooled  lielow  32  degrees  Fahreiiluii 
in  winter.  Indetn],  the  temperature  of  the  entire  ocean  is  proiwbly  dj- 
tinctly  lower  now  than  it  would  be  if  the  tx-ean  were  less  saline.  Thi'^  i-^ 
1. clause  an  unfrozen  sea  loses  its  heat  to  the  air  fairly  rapidly,  wbiU-  <>ii<' 
covcrwl  with  widespread  ice-floes  in  high  latitudes  loses  heat  much  iwt<- 
slowly,  for  ice  is  an  excellent  non-conductor  of  heat.  If  the  ocean  wifi' 
much  fresher  than  now  and  the  climate  as  cold,  ice-floes  would  Ix-  iiiii<!< 
more  widespreail  than  now.  Widespread  climatic  consequences  sei'miii^'h 
result  from  the  lower  ocean  tem|>erature  induced  by  the  free  railiati""  "f 
heat  fnmi  the  ojx'n  water  to  the  cohl  air  above.  Since  a  liquid's  cajmcin 
for  holding  gas  in  soluttoi:  varies  inversely  as  the  temperature,  the  "•■•'■■H' 
is  aide  to  al)s<)rh  and  hold  considerably  more  atmospheric  CO,  now  than  ii 
could  if  it  were  not  so  i'olil.  Certain  data  suggest  that  if  the  ocean  »>ri' 
warmed  to  an  average  of  only  2  degrees    Faiirenheit  above  ils  pn-^'ii 
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lemperature,  ils  ca])acity  for  holding  C'Oj  in  solution  would  be  sulficioiitly 
retluLvii  so  that  it  would  give  up  enough  of  its  abundant  supplies  of  this 
f.'as  to  the  air  to  double  the  present  atmospheric  amount.  The  cliinutit- 
.-i;niificiinfc  of  atnii>s]iherie  t'Oj,  while  pndiahly  not  as  great  as  some  Imvc 
ihiiuglit  likelv,  never  the  less  t^rtflinlj-  is  appreciahh'.  Even  Mumjiiirey.--'  • 
mlmits  that  a  doubling  or  halving  of  the  t'O,  euntent  of  the  air  wnuiil 
priniuee  direetly  a  temperature  ehange  of  iilx>ut  one-lifth  of  that  esli- 
maleil  to  have  oi-eurred  since  the  height  of  glaciatinn.  The  indirect 
ftfccts  ()r  cliangiMl  COj  content  of  the  air  are  ecrtttinly  greater  than  the 

A  second  indirect  efTect  of  the  lower  freezing  |>oint  pro:luecd  by  in- 
creased salinity  also  springs  from  the  fact  that  less  of  tlie  sea  is  ic;'-cov- 
cred,  hut  it  <lepends  on  the  effect  of  the  ice  on  air  temperatures  insteail 
of  on  water  temiH-raturi-s.  When  tlie  sea  is  ice-<overe<l  it  gives  np  jirac- 
tiealiy  no  Iwat  to  the  air  and  becomes,  U>  all  intentJ*  and  pur(ioses,  a  land 
snrfair.  As  a  result,  i^intincnts  Iwirdered  by  an  iee-e<ivered  s;'a  hecoin" 
nincii  collier  in  winter  than  lands  bordered  by  an  open  sea.  This  is  due 
not  only  to  their  receiving  less  heat,  but  Iweause  they  lose  far  more  (|uiekly 
whatever  lieal  they  may  have  left  from  the  supply  received  fnni  the  sun 
the  [treieding  autumn.  When  the  wind  blows  from  an  open  tMi'iin  in 
winter  it  causes  a  fog  and  clouds  on  the  adjacent  lands,  and  these  hold 
ill  the  heat.  If  a  coast  is  Jce-Iwund,  the  belt  of  fog  and  chiud  is  pushed 
sc-awnrd.  ami  the  elmidiiiess  on  the  continent  diminishe<  and  the  heat  is 
rudiHtcil  away  far  more  quickly  than  when  the  sky  is  cloud -cove  red. 
With  decreased  elouitincss,  snowfall  wuuhl  decrease  on  the  lands.  The 
summers  of  the  Arctic  Ocean  are  now  kept  e.\ce|)tionally  cold  by  the  snow- 
ninnth'd  ice,  with  its  great  reflection  of  sunlight  and  its  large  ahsorptiini 
cif  heat  in  melting. 

Furthermore,  Iicchmsc  of  the  low  temi>eratures.  anticyehinic  conditions 
prevail,  with  the  result  that  the  winds  usually  blow  radially  outward 
from  the  ice-covered  [xirfioiis.*  ^\■hen  the  (H'eans  were  fresher  than  now. 
this  effect  must  have  been  magnificil.  with  a  conseriuent  diminution  of 
polar  and  subpolar  snuwrall  in  summer  as  well  as  winter.  This  means 
that  under  given  conditions  of  lemperature,  land  distrilmtion,  and  so 
forth,  the  ice-coven-d  portion  of  the  ocean  was  greater,  and  hence  the 
possibilities  of  prccipitiition   at  high   latitudes  were  less   with    the    h-ss 

'  \\,  .}.  Iliiiiii>lin-.v>  :   l-liy»li'»  i,t  tlip  nlr.  1020.  p.  HOT. 

•  I'.  K.  I>.  nr.H>ks;  Thr  mi'loiimloifli-iil  I'undnioiiH  of  iin  I<v-«tiM't  nn<l  tlirlr  iH'flHnK  ..n 
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saline  seas  of  the  past  than  at  present.  This  condition,  coupled  with  the 
fact  that  evaporation,  a  cooling  oi)eratioD,  is  favored  by  the  absence  of 
salt,  maj-  have  been  one  reason  why,  when  for  some  reason  it  was  coh) 
enough  on  the  earth  for  glaciers  to  be  widespread,  the  glaciated  areas  of 
the  earHer  ice  ages,  such  as  the  Proterozoic  and  Perroian,  were  located 
farther  south  than  were  the  ice-sheets  of  the  recent  Glacial  perio<l.  If  the 
o(«an  were  ice-covered  down  to  middle  latitudes,  a  Uck  of  glaciation  iu 
high  latitudes  would  not  be  any  more  surprising  or  harder  to  explain 
than  is  the  lack  of  Pleistocene  glaciation  in  the  northern  parte  of  Alaska 
and  Asia.  In  both  cases  the  coldness  of  the  ice-sheet  of  lower  latitudes 
apparently  induced  prompt  condensation  of  the  wind-borne  moisture. 
Hence  not  enough  moisture  was  carried  into  higher  latitudes  to  produce 
glaciers  there. 

It  is  not  known  how  saline  the  ocean  was  at  any  given  time  in  the  pa^t. 
hut  the  fact  that  salt  deposits  are  lacking  in  the  rock  formations  before 
the  I'aleozoic,  according  to  Barrell,*  suggests  that  in  the  Proterozoic  it 
was  decidedly  less  than  now,  Schuchert  surmises  that  the  salinity  of  the 
Proterozoic  was  perhaps  1  per  cent  instead  of  the  present  3.5  per  cent. 

Salinity  affects  the  Rate  of  debp-sea  Cibchlation 

The  third  great  effect  of  the  lower  salinity  of  the  past  than  at  present 
is  on  the  deep-sea  circulation  of  the  ocean.  The  verti(ral  circulation  is 
now  dominated  hy  cold  water  from  subpolar  latitudes.  All  hut  the  sur- 
face of  the  (K'ean  is  almost  freezing  cold,  because  cold  water  sinks  in  high 
latitudes  by  reason  of  its  greater  density,  due  to  its  low  temperature.  It 
then  "creeps"  to  low  latitudes,  where  it  rises  and  replaces  either  the 
water  moved  |x)k'war<l  by  surfaite  currents  produced  by  the  trade  wind^ 
(»r  that  whi<'h  has  evaporated  from  the  surface.  During  [wst  ages,  when 
the  sea-water  was  U'ks  salty  than  at  present,  the  circulation  was  prt-- 
suQiably  more  rapid  than  now.  This  is  l>ei'ause  in  tropical  regions  the 
rise  of  cold  water  is  interfered  with  by  the  sinking  of  warm  surface  water, 
which  is  relatively  dense  because  evaporation  has  removed  part  of  the 
water  and  cause*)  an  accumulation  of  salt. 

According  to  Kriimniel  and  Mill,'  the  surface  salinity  of  the  subtrop- 
ical belt  of  the  Niirth  Atlantic  commonly  e.xceeds  3.7  jjer  cent  and  soriu'- 
times  reaches  J. 77  per  cent,  whereas  the  underlying  waters  have  a  salinity 
of  less  than  3.5  per  cent  and  locally  as  little  as  3,44  per  cent.  The  other 
oceans  are  sitglitly  le^  saline  than  tlie  \orth  Atlantic  at  all  depths,  mi 

=  J.  DHrrcll:  Th*  i.rlRln  of  the  earth,  la  Lull  and  others:  The  PvulutloD  of  the  earth 
and  1t«  Inhabllanla.  inii4,  p.  3^. 

•The  ocmn.     Kiii'yeluiiedla  ItiKnnnli'a.  llth  edlllcin. 
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the  vertical  gradients  along  the  tropics  are  flimilar.  According  to  the 
"Smithsonian  Physical  Tflblee,"  the  observed  difference  in  salinity  of 
surface  and  underlying  water  is  equivalent  to  a  difference  of  .003  in 
density,  where  the  density  of  fresh  water  is  taken  aa  1.000. 

Since  the  decrease  in  density  produced  hy  warming  water  from  the 
temperature  of  its  greate.st  density  (4  degrees  centigrade)  to  the  highest 
temperatures  which  ever  prevail  in  the  ocean  (30  degrees  centigrade  or 
86  degrees  Fahrenheit)  is  only  .004,  it  is  evident  that  the  more  saline 
surface  waters  of  the  dry  tropics  now  are  only  a  trifle  less  dense  than  the 
less  saline  but  colder  waters  beneath  the  surface.  During  the  days  of 
especially  great  evaporation  the  most  saline  portions  of  the  surface  waters 
iu  the  dry  tropica  are  denser  than  the  underlying  waters,  and  therefore 
iijiik  and  produce  a  temporary  local  stagnation  in  the  general  circulation. 
Such  a  sinking  of  the  warm  surface  waters  is  reported  by  Kriimmel  as 
observable  by  the  sudden  rise  of  temperature  it  produces  at  considerable 
<lepths.  If  such  a  hindrance  to  the  circulation  did  not  exist,  the  velocity 
of  the  deep-sea  movements  certainly  would  be  greater  than  at  present 

If  in  earlier  times  such  more  rapid  circulation  occurred,  low  latitudes 
were  c-uoled  more  than  now  by  the  rise  of  cold  waters,  and  at  the  same 
time  high  latitudes  were  warmed  by  a  greater  flow  of  warm  water  from 
tropical  regions.  In  that  case  there  was  less  contrast  in  climate  between 
the  dilTerent  latitudes.  Hence,  in  so  far  as  tlie  rate  of  the  deep-sea  cir- 
<  Illation  depends  on  salinity,  there  apparently  has  been  an  increase  in  the 
contrasts  from  latitude  to  latitude.  Thus  increased  salinity  during  geo- 
logic history  helps  a  little  to  explain  the  well  established  fact  that  during 
nuwt  of  the  past  the  climatic  contrast  between  tropical  and  subpolar  lati- 
tudes has  been  less  than  at  present. 

Tliougli  the  process  of  adding  salts  to  the  o<«an  has  presumably  gone 
(in  at  all  time,  two  sorts  of  conditions  may  have  temporarily  hastened  it, 
and  thus  intensilied  whatever  slight  climatic  effect  increased  salinity  may 
have  produced.  At  times  of  continental  glaciation,  the  average  salinity 
(if  the  ocean  is  Increased  to  the  extent  tliat  the  ocean  level  is  lowered  tn 
snj»]il_v  the  watt'r  neresaary  to  form  the  glaciers.  It  has  been  calculated 
that  the  accumulation  of  the  Pleistocene  ice-ca])s  lowered  the  iK'ean  more 
than  200  feet;  perha])a  as  much  as  .'tOO  feet.  The  salts  in  this  amount  of 
wat*T  would  Iw  added  to  the  remaining  ocean  water  and  would  increase 
itN  salinity  by  about  2  per  cent  (from  3.3  per  cent  to  3.57  per  cent),  and 
to  that  extent  would  tend  to  slow  up  the  deep-sea  circulation. 

An  emergence  of  the  continents  would  be  accompanied  by  rapid  ero- 
sion, by  a  lowering  of  the  level  of  ground-water,  and  by  the  transfer  to 
the  ocean  of  part  of  tiie  vast  quantities  of  salt  and  other  soluble  mineral 
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matttT  which  had  ac«umulate<l  in  tlie  soil  and  subsoil  on  the  lands  when 
thoy  were  only  slightly  above  sealevel.  If  widespread  glaciatiun  ^liouli! 
a('(Kim|)aiiy  or  follow  I'xteiisive  uplift,  as  it  did  in  the  I'roterozoit-,  I'er- 
niiaii,  and  I'leistoci-ne,  the  rate  at  which  salts  were  added  t^t  the  iH-enn 
would  1h'  ini'reaseit  by  both  these  agencies  at  about  the  same  time.  Wiiili- 
iiplift  and  gluciatioii  wore  inc-reasing  the  amount  of  mimTal  matti-r 
brought  to  the  ocean  in  solution  by  the  rivers,  the  rate  of  withdrawal  of 
mineral  matter  from  solution  would  probably  be  leswened.  At  pre«>iii 
tlie  eakarooug  anil  silieeous  material,  which  form  a  large  jiart  of  the 
mineral  matter  carried  to  the  sea  by  the  rivers,  but  only  a  minor  part  nf 
what  iH  generally  called  the  salines  of  tiie  ocean,  are  ratlier  prompll> 
removed  from  solution,  perhaps  chiefly  through  the  activity  of  the  marine 
animals  and  plants,  which  use  these  minerals  for  their  shells  and  supiHiris. 
Hi'Htri<'tion  of  tlie  area  of  the  continental  shelf  accompanying  conti- 
nental emergi'nce  and  the  awumulation  of  extensive  ice<aps  would  doubt- 
lews  greatly  reduce  the  number  and  average  size  of  shell-secreting  marini' 
organisms,  for  most  of  them  live  in  shallow  watt'r,  on  the  eontineithil 
shelf.  Furthermore,  the  lower  coastal  temperatures  accompanying  gla- 
ciation  would  probably  make  the  remaining  animals  less  active  in  shell 
formation.  If  so,  lessened  withdrawal  of  salts  would  cooperate  with  an 
incnaseit  supply  to  causes  the  salinity  of  the  ocean  to  increase  rapiilly 
during  glacial  periods. 

I'USSIBII.ITIKS  (IF   A    REVERSAL   IN    DiRRCTlOS   OF  THK   nEKI'-fiKA 
CmCULATION 

Under  the  conditions  set  forth  in  tlie  preceding  paragraph,  and  jwrhaps 
under  certain  others,  the  salinity  of  the  ocean  as  a  whole,  or  of  ite  warmi-r 
|)ortions,  may  have  been  temjKirarily  greater  than  now,  and  thus  the  mun- 
saline  warm  water  of  the  dry  tropics  would  bctK)me  more  dense  than  tlie 
eidder  but  less  saline  waters  of  subpolar  latitudes.  If  so.  the  reversal  in 
direction  of  tbc  deep-sea  circulation  suggested  hy  Chamberlin'  may  havi' 
(Hrurred.  One  result  of  such  a  reversal  would  be  that  lands  In  the  higher 
latitudes  would  Ih'  warnn-d  much  more  elTectively  by  whnls  blowing  from 
the  s<>a  than  before  the  reversal  took  place.  If  such  a  reversal  was  bniu/lil 
idHiut  by  the  eunsei[uences  of  ujdift  and  glaoiation.  de-icribnl  in  the  fori'- 
going  paragraph,  conditions  for  continued  glaciation  would  seemingly  In' 
made  le-i-:  favorable.     Indeed,  a  reversal  might  bring  the  glaciation  to  a 
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As  one  of  the  partiLularly  interesting  problems  coniiectwi  with  glacia- 
tioii  is  the  ([utstion  as  to  what  agency  or  agencies  brought  Ihe  several 
(iiacial  epochs  to  a  close,  it  is  worth  while  to  consider  briefly  the  data 
licariiig  on  tiie  question  of  reversal  of  deep-sea  circulation.  Much  a  re- 
versal may  never  have  occurred,  and  it  is  at  least  very  doulitfu!  if  it  was 
tlic  ihief  <-ause  for  the  retreat  of  the  glaciers.  However,  the  piissihilities 
Kliould  not  be  ignored.  The  close  balance  between  the  forces  umintain- 
iiig  the  present  type  of  circulation  and  thosi-  tending  to  produce  a  re- 
versal ii*  therefore  worth  jjointing  out. 

At  present  the  average  salioity  of  the  ocean  is  3.3  per  i-ent,  giving  a 
ilcnsity  of  about  1.026,  fresh  water  being  1.000.  The  most  saline  sam- 
ples of  the  open  ocean  taken  by  the  Challenger  Kxpwiition  had  a  salinity 
of  3,74  per  cent,  giving  a  density  of  about  1.028,  The  somewhat  less  salty 
surface  waters  of  the  open  oc'can  in  high  latitudes  are  reported  to  have  a 
density  of  1.024.  Thus  the  observed  range  in  density  due  ti'  salinity  is 
■1104  in  favor  of  the  tropics.  A  change  in  temperature  from  i  degrees 
irntigrade,  the  tem[)erature  of  greatest  density  of  fresli  (vater.  to  '-W  de- 
jin-vf  centigrade  (86  degrees  FaJirerdieit)  ])rothKvs  a  change  of  density  of 
t-vactly  the  same  amouut,  .004,  according  to  the  "Smithsonian  Physical 
Tables.'"  Hence  the  most  extreme  cooling  now  experienced  has  no  more 
tJiHuence  on  density  than  the  observed  difference  in  density  due  to 
faliuity. 

If  the  contrast  in  density  between  low  and  high  latitudes  were  in- 
I'reaf-ed  slightly,  the  tropical  waters  would  become  distinctly  more  deiis".' 
than  the  most  dense  subpolar  waters,  and  hcnc'  a  reversal  would  be 
|irohable.  Such  an  increased  contrast  might  result  either  if  tnipicnl 
wnters  were  more  dense  than  now,  as  they  would  be  if  the  average  salinity 
were  increased,  or  if  the  rate  of  tropical  evaporation  were  increased.  It 
would  also  result  if  the  subpolar  surface  waters  were  less  dense  than  now, 
lis  they  would  \k  if  subpolar  regions  were  not  so  caW  as  now  or  if  there 
were  more  precipitation  in  high  latitudes. 

The  probable  increased  steadiness  and  strength  of  th;?  southwesterly 
winds,  suggested  by  lluniington*  as  pnibable  during  times  when  cyclonic 
^liirnis  are  few,  would  have  warmed  high  latitudes  and  would  alsi)  have 
rcihicri!  evaporation,  thereby  increasing  foggiiiess  and  cloudiness.  Pre- 
cipitation w<mld  probably  increase  with  cloudiness  and  fog. 

If  at  any  time  in  the  past  the  deep-sea  circulation  was  of  the  reversed 
type  during  a  long  period,  the  presence  of  magnolias,  cycads,  and  sequoia 
fmmd  fossilized  in  northern  Greenland  in  Miocene  rocks,  the  tree-ferns 

"  KUnivcirrh   Uiinllnetiin;  nimslk  diBUKcx  <ln  iiriwKi. 
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and  breadfruit  found  in  western  Greeiiland,  and  several  other  pii^zliui: 
questions  of  paleoclimatotogy  would  be  easily  explainetl,  for  sueli  a  (lft'|i- 
sea  circulation  would  mean  that  vast  quantities  of  tropical  warmth  would 
be  transferred  to  high  latitudes  beneath  the  surface  without  lose  en  mule 
However,  there  is  no  direct  evidence  that  an  actual  reversal  has  mr 
taken  place.  Indeed,  C'hamberlin,  who  first  suggested  the  poosibilily  ul 
a  reversal,  offered  it  merely  as  an  iiitercsting  possibility.  Nevertlu'lps.". 
a  change  in  the  salinity  of  the  oceans  must  apparently  have  had  xmv 
distinct  effects.  Though  the?e  may  have  been  small,  they  are  not  to  W 
neglected  in  any  complete  study  of  the  climate  of  the  past. 


t.yGoO'^lc 


BULLETIN  OP  THE  QEOLOQICAL  SOCIETY  OF  AMERICA 

Vol.  s2,  pp.  m-4n,  pli.  r-ts  DECEMBEn  1,  kii 


SWEET  UKASS  HILLS,  MONTANA  ' 

BY  JAHE8   P.   KEUP  AMD  PAUL  HILLINUSLKY 

[Presented  before  the  Society  by  ilie  seuior  author  December  SI,  19J!)) 

CONTENTS 

I-age 

''iiroduttl<in 437 

'ievlew  of  enrller  work 440 

riiveHtiicationx  of  Geoiw  U-  Dawxoii 440 

Ktwarrlii'H  of  Frank  D.  AdamM,  W.  H.  \V(^il,  Hiiil  I..  V.  I'lriuwiii 441 

Work  of  A.  K.  Lwloux 44:i 

'•(•Ueral  ix-trogruphy 44.'( 

■*■»  r-ii,^„ral  anil  utrattKraphlcal  relatloiiH 4-in 

<  ieiirrul  review 445 

VpHt  Butt* 446 

Aliilille  Butte 450 

Kast  Butte 4B3 

^ime  petrographlc  detalla 466 

Ttngualte 456 

MUiette 45S 

('(intact  effects 461 

Other  economic  rewmrceii 462 

•-■'«.llineiitary   rm-kM 46ri 

E<tratl)craiih,v 4tt:j 

"Miiwlwitpplan 463 

The  xection 463 

Mudtwin  limestone 466 

OverlyinK  unconformity 466 

Jurii.-ttik'— Ellis  formiitiun 46fi 

Ijower  GretaceouM — Kootenai  formation 46S 

V|i|)er  Cretaceoun 471 

(.'cilorado  jtrouji 471 

.Moiitaim  groii|i 47(1 

lihidiil  drift 4TH 


The  Sweet  Grass  Hills  arc  a  group  of  throe  separate  lacrolitliii*  centers 
ill  the  northern  part  of  Toole  County,  Montana,  and  almost  touching  the 
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international  boundary.  All  three  rise  abruptly  from  the  plains  at  a 
distance  of  approximately  100  miles  east  of  the  Rocky  Mountains.  The 
summits  at  the  maximum  are  nearly  3,000  feet  above  the  neighboring 
plains  and  are  striking  landmarks,  even  when  viewed  from  the  railway 
train  at  a  distance  of  40  or  50  miles.  As  a  result  of  obHervationa  made 
in  IK73-T4,  Dr.  (ieorge  M.  Dawson'  records  that  these  isolated  moun- 
tains were  called  by  the  half-breed  hunters  "Montagnea  du  Foin  de 
Senteur,"'  and  by  the  traders  of  the  Missouri  region  the  "Sweet  Grass 
Hills."  On  the  maps  of  that  time  they  were  also  named  "Three  Buttes." 
Today  the  name  Sweet  Grass  Hills  seems  well  established  and  in  general 
usage. 

The  three  elevations  are  called,  from  east  to  west,  East  Butte,  Middle 
Butte,  and  West  Butte.  The  center  of  the  Middle  Butte  uplift  is  distant 
10  miles  from  the  center  of  West  Butte  and  practically  the  same  from 
the  center  of  East  Butte.  The  area  of  uplift  for  East  Butte  is,  roughly, 
!)  miles  from  east  to  west  and  10  miles  from  north  to  south.  Middle 
Butte  is  smaller.  Its  uplift  eictends  about  S  miles  from  east  to  west  and 
(he  same  distance  from  north  to  south.  West  Butte  covers  an  area, 
roughly,  5  miles  east  and  west  by  6  miles  north  and  south.  The  relative 
positions  are  shown  on  figure  1.  West  Butte  is  some  20  miles  east  from 
the  town  of  Sweet  Grass,  on  the  branch  of  tlie  Great  Northern  Railroad, 
which  connects  the  main  line  with  the  Canadian  railway  leading  north 
into  Alberta.  The  town  is  at  the  international  boundary.  The  main 
line  of  the  Great  Northern  is  somewhat  farther  south  of  the  hills.  A 
mail  auto-service  runs  daily  from  the  post-oPRce  of  Gold  Butte,  on  the 
western  side  of  Middle  Butte,  southeast  28  miles,  to  Chester,  on  the  main 
hne  of  the  Great  Northern.  As  stated  above,  the  Rocky  Mountains  are, 
roughly,  100  miles  to  the  west.  The  Bear  Paw  Mountains,  an  eroded 
viilcanic  center,  are  nearly  100  miles  southeast.  To  the  south  the  High- 
woods,  embracing  both  volcanic  plugs  and  laccoliths  near  Great  Falls, 
are  over  130  miles  distant.  To  the  north,  in  Alberta,  there  are  moderate 
elevations  of  sedimentary  strata  in  the  Evergreen  Hills,  which  can  be 
.'■een  from  the  Sweet  Grass  Hills  on  the  farthest  horizon.  In  the  great 
I'lains  there  are  no  more  outbreaks  of  igneous  rocks  to  tlie  north  and  east 
fur  hundreds  of  miles. 

The  Sweet  Grass  Hills  are  thus  the  most  northerly  of  the  laccolithic 
and  volcanic  mountains  lying  east  of  the  main  range  of  the  Rocky  Moun- 
tains in  Montana,  and  of  which  the  very  valuable  papers  of  Waldemar 
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The  R«Brpaw  Mounlalns.  MoDlana.    Am.  Jour.  Scl.,  April.  1896,  pp.  283-301    - 
1890,  pp.  351-302;  Augusr.  IS9S.  pp.  I30-I4S:  September.  ISM.  pp.  ISH-IOS. 

logy  or  the  I.lttle  Rockr  Mountilna,  Monuna.     Jour.  Geol..  tdI.  i.  BM, 
399-428. 

iwiirlte.   a   d«w   Ipucltc   rock   from    tbe   Hlgbwood   Mountains.      Am,  lour. 
1890,  pp.  31S-323. 
lOKj'  and  mlnrral   reKourceg  of  the  .ludlth  Mountslaa  of  Montana.     V.  B. 
I.  Surrey.  18th  Add.  R«pt..  pt.  III.  1898.  pp.  446-Oin. 

Geology  ot  the   Lillle  Belt   MouhIhIdb,   ModIbdi.      U.   S.  OmI.   Riirvey.  3inb 
,  pt.  III.  1900.  pp.  271-461. 

<leoloK>-  of  the  Sbonkin  Bag  and  Pallxade  Bulte  lircullthB.  In  tbe   lltKbwood 
ot  Montana.     Am.  Jour.  Bel.,  July,  1901.  pp.  1-lT. 
.'eed :  Kort  Benton  Folio,  U.  8.  Heol.  Survey,  no,  r^.  1899. 
Little  Belt  Folio,  Idem,  do,  SO,  1899. 
I,.  V.  rlrsson:  Complementary  rocka  apd  radial  dikes.     Am,  Jour.  Scl..  August,   1895, 
)p.  116-121. 

:  On  the  moDcblqultea  or  analclte  group  ol  fgneoua  rocka.     Jour,  of  Qeology. 

.'ol.  4.  1806,  pp.  6T9-690. 

:  Od  the  corundum -bearing  rocks  from  Yogo  (iulch.  Montana.     Am.  lottr.  Sd.. 

klay,  1S9T,  pp.  421-42B. 
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liuttes  when  there  was  still  some  ilanger  from  raiding  parties  of  Indians. 
Ilr,  Dnwson  awended  both  East  and  West  buttea,  collected  specimenB  of 
tlu-  Jf<[i{^us  rucks,  and  made  valuable  uotes  on  the  associated  sedimentary 
^t^ata.  He  noted  the  upheaval  of  the  sediments,  their  quaquaversal  dips 
from  the  intrusive  centers,  and  described  the  features  of  the  later  named 
ItiH'ulites  or  laccoliths,  without  constituting  them  into  a  new  and  dis- 
tiix'tive  type. 

The  introduction  of  the  term  laccolite  remained  for  (5,  K,  Gilbert  in 
\H'7.  The  new  name  afforded  an  indispensable  one  for  descriptive  geol- 
iipv.  I>r,  Dawson  likened  the  Sweet  Grass  upheavals  to  von  Buch'a 
'■craters  of  elevation,"  The  term  is  not  a  specially  happy  one,  in  that 
wt-  associate  craters  with  volcanoes,  and  there  are  no  elTusive  rocks  what- 
ever in  the  Swoct  Grass  Hills.  They  are  purely  laccoliths,  sills  and  dikes, 
and  up  tilted  sediments. 

RESEARCHES  OF  FRANK  D.  ADAUS.   Vi.  H.   WEED.  AND  L.   V.  PIRSSOS 

Dr.  Dawson  made  another  hasty  visit  to  West  Butte  in  the  years  1883- 
«4,  during  his  studies  of  the  region  of  the  Bow  and  Belly  rivers.  In 
Miniiection  with  his  report,  published  in  1884,*  Frank  D,  Adams  con- 
tributed some  microscopic  determinations  of  the  principal  igneous  rocks, 
recognizing  them  as  intermediate  or  transitional  between  trachytes  and 
andeiites — a  general  character  which  we  have  no  reason  to  modify  today, 
although,  on  account  of  their  intrusive  nature  and  to  be  in  accord  with 
the  usage  of  Weed  and  Pirsson,  we  may  speak  of  the  same  types  as  syenite 
por]»hyry  and  dioritc  porphyry. 

The  more  complete  and  detailed  collections  of  the  writers  have  some- 
what extended  the  acidic  and  basic  limits  and  have  brought  to  light  some 
types  rich  in  soda,  such  as  also  appear  in  the  intrusive  centers  studied 
elsewhere  by  Weed  and  Pirsson. 

Besides  the  commoner  run  of  the  rocks.  Dr.  Dawson  collected  speci- 
mens from  a  peculiar  basic  dike  standing  out  like  a  wall  in  the  plains  10 
miles  north  of  East  Butte.  It  is  very  rich  in  biotite  and  was  referred  by 
him  to  von  Cotta's  kersanton.  In  the  later  paper  by  Weed  and  Pirsson 
this  is  more  accurately  described  as  minette.  We  have  found  the  rock 
ixith  in  sills  and  dikes  in  a  number  of  places.  With  the  help  of  George 
M.  Fowler,  geologist  on  the  staff  of  the  Anaconda  Topper  Company,  we 
have  identified  several  localities  of  tinguaites  and  more  acidic  segirit«- 
l)earing  rocks  in  East  Butte.^ 

•CroloBical  Surrey  of  Cansilii,     Report  for  1H82-1BS4,   pp.    I8C-18C.   4r.('-4SC.      ISSfi. 

'  The  data  tor  thiB  piipfr  werp  oblalned  In  the  following  way ;  The  l"o  Hrlfma  spent 
n  week  Id  the  HUIh  In  May.  IHIS.  Id  compHny  with  CeufKe  M.  Kowler.  wlin  wna  In 
iliurge  of  aome  loral  eiploratlaoH.     The  previous  fall  Ibe  liinlor  wriler  had  eHsenllally 
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WORK  OF  .4.  R.  LEDOVX 

The  Hills  were  visited  in  the  summer  of  1890  by  Dr.  A.  K.  Ledoux 
vith  the  purpose  of  examining  some  iron  ore  prospects  on  East  Butt«. 
At  the  meeting  of  the  New  York  Academy  of  Sciences,  February  ft,  1891, 
Dr.  Lcdoux  gave  an  interesting  description  of  East  Butte.  Approaching 
one  of  ita  summits  called  Mount  Morris,  he  records  :* 

Tbe  ground  Is  thickly  strewn  with  every  kind  of  Igneoun  rock — dark  green 
iMMlLi,  phonolite,  and  every  variety  of  feldspar  porphyry,  .  .  ,  The  moun- 
IiId  masH  ...  Is  a  grayish  porphyry  containing  small  feldspar  crystals, 
but  gashed  and  aeamed  by  dike  after  dike  of  trap  and  large  crystal  bird's-eye 
porpb3Ty.  Between  these  dikes  are  older  clay  sliites.  mica  schlKts.  hornbleudic 
s(lil»tg,all  Inclined  at  a  sharp  angle  and  Indicating  clearly  the  Intrusive  nature 
u(  the  mass.'' 

Tlie  iron  ore  lay  at  the  contact  of  porphyry  and  marble.  Dr.  Ledoux 
WHS  tlius  impressed  with  the  variety  of  the  rocks  present,  and  while  he 
mentions  phonolite  without  microscopic  determinations,  he  was  entirely 
rorrect.    He  also  appreciated  the  contact  effects. 

General  Fetboorapuy 

As  stated  above,  the  earliest  microscopic  determinations  of  the  rocks 

>rere  made  by  Frank  D.  Adams  for  George  M.  Dawson  in  1882-84.    Re- 

'^erring  to  East  Bntte,  Dr.  Dawson  speaks  as  follows : 

"Hie  rock  Is  very  uniform,  lltliologlcally,  In  appearance  and  ciim position. 

-^t-.  y.  i>,  A<luDis  has  examined  micruscoplc  sections  of  it,  and  states  that  It 

tiay  be  called  u  homlilen de-trachyte,  rich  In  plagloclase.    Mr.  Adums  writes: 

't   In  composed  of  orthoclase  and  plagloclase,  both  present  In  large  amount, 

'^n<l  some  hornblende.     It  is  therefore,  luterrowliate  In  composition  tietween 

**')<IeHlte  and  trachyte,  and  t»  which  class  it  may  \ie  liest  refermi  pan  only  be 

'*>*<-ertulne<l  liy  a  iHtrtlal  analysis.'  "  • 

This  general  determination  by  Dr.  Adams  hohls  very  well  for  the  main 
lac-ciihths.  Al«iut  ten  years  later,  180.5,  Dr.  Dawson  furnished  W.  H. 
»Vec(l  and  L.  V.  Pirsson  two  specimens  from  West  Butte  wliich  showed 
s    weathered  brown  crust  and  some  flowage  structure  in  the  arrangement 

"kaiiped  th?  geulugy.  mn  abowD  on  Ibe  thnv  ngurm— :i.  4,  anil  n.  W>'  addrd  korip  adaj- 
iluni)  dcullH  Id  May.  and  since  Ih?n  Ur.  Kuwltr  hBH  lilndly  fln<>d  out  wvpral  RapH.  man 
•^pwiall)-  In  E««t  Biitle.  Thp  ralher  piIphbItp  i^uUrcnona  ijf  Igneoiis  pocks  liavp  \ifra 
Torkpi]  up  mli^ruacoiilcally  and  thp  maniiRcrlpt  liaK  hrrn  prrparrd  liy  thp  wnlur  wrilcr. 
i>T-<>roiip  hundrpd  lliln-aecdoaa  burp  been  cut  and  alndtcd.  Tbp  Hpdlmpnlary  nlrata  bavr 
'*-^'»  degcrilied  by  tbf  Junior  vrltrr.  W>  Kladly  tahH  tlilH  opportually  of  pipwKsing  our 
Ind^lilfdiifHi  to  Ur.  l''owler  for  many  Bcciiral«  obiiprvatlunii  and  rniirb  pnttiUHlaaiJc  bclp, 
n'e  are  also  grpatly  Indelitrd  to  l>r.  Henry  H.  WaNhlneliin  fur  thn-e  cnmiilplr  anatyiics  ur 
'he'  Ineouii  racks. 
"  Tram.  N.  y.  Acad,  of  Bel.,  vol.  i.  ISOi.  p.  nfl. 
■  Canadian  liniioglcai  Survey,     Kcpurt  ul  progreHH,  I88:I-IN84.  pp.  4GC',  47('.     18Sr>. 
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of  the  components.  The  feldspar  phenocrysts  were  2  millimeters  acrc::^^^ 
The  minerals  observed  and  recorded  are  apatite,  hornblende,  iron  <^  s~ 
plagioclase,  orthoclase,  and  quartz.  The  plagioclase  ranges  from  ba-s£^j 
labradorite  to  medium  acid  oligoclase.  The  hornblende  is  the  usual  d^K.  r 
green  color  and  is  more  or  less  decomposed.  The  groundmass  ia  a  fi^i< 
graiued,  patchy  or  micropoikilitic  mixture  of  quartz  and  feldspar,  ■^in 
latter  usually  too  much  altered  or  kaolinized  for  identification,  but  ct^^-t 
tainly  composed  in  part  of  orthoclaee.  The  quartz  occurs  also,  at  tinx^  <^'- 
in  irregular  grains,  which  rise  to  the  position  of  small  phenocrysts.  Tk^**?: 
therefore  named  the  rock  quartz  diorite  porphyrite. 

Two  specimens  were  also  studied  from  East  Butte.  They  are  descritx:'* 
as  porphyritic,  but  as  possessed  of  larger  phenocrysts  of  flesh-colox-«?-*l 
feldspar  (11  x  6  millimeters)  than  the  specimens  from  West  Butto. 
There  are  also  small  black  augites.  Under  the  microscojie,  zircon,  iro" 
ore,  apatite,  legirine-augite,  oligoclase,  orthoclase,  anorthoclase,  a«»*l 
quartz  can  be  recognized.  The  commonest  phenocryst  is  orthoclase,  F*"*^- 
qnently  intergrown  with  anorthoclase.  The  groundmass  consists  <^^ 
microgranitic  alkali  feldspar  and  quartz,  with  some  small  microli  t^"--' 
which  were  sus|Jected  of  being  augite.  While  the  obvious  soda-rich  di^r- 
ncter  of  the  rock  was  recognized  from  the  anorthoclase  and  jegiri  t<-- 
augit«,  the  name  quartz  syenite  porphyry  was  given  to  it.  As  tlie  sul>s^*'- 
quent  details  will  show,  our  much  more  extensive  and  repre.-ientat- i  ^'<' 
collections  fully  bear  out  the  soda-rich  character  of  East  Butte  and  h*i'v'<' 
added  tlie  characteristic  ^egirite  rocks,  the  tinguaites,  as  well  as  mc""*' 
acidic  members. 

Wfwl  iiiid  I'ir.-isuii  also  (tt'Sfrilic  Hw  niiiicttc  the  dike  rurk  from  lli.-  ]>biJ»-^ 
some  mil('s  mirth  uf  Kiist  Butte,  whifii  Dr.   Daw.^on  nu-iiti..in-d  X\\,-iil^ 
vciirs  curlier  as  kersuntoii.     Tlic  former  foniid  aliuiiihint  |iheiiiiiTvst<  n  ^ 
liiotiti'   ii;i  ("   'i  millimeters.     I'lider  tlic  micriiseoiH',  apiititf,    iron  urr. 
liiotite,  aiij;it«-.  urtlincljiso,  and   caleifv  w.tc  rccurdc.l.     Tlie  mifritc  iv;i> 
soiuetiiiies  assueiut4Mi  with  iviilrite.     This  is  really  a  renmrkiilily  iiiterot- 
iiig  rock,  wliieli  «e  alsn  liiue  .stil.Med.      We  filui.  however,  additiunal  siU^ 
au<!  ilikes  u!  it.  botli  in  MiiMIe  Butte  ami  Kast  Butte,  and  s.>me  vxri^i- 
tiniis  toward   reeks  witii  biotile  still  jiromiiieiLt.  but   (lot  predumiuaiH. 
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laccoliths  studied  and  described  by  Whitman  Cross'"  from  Colorado, 
Utah,  and  Arizona  present  many  similarities.  The  Cerrillos  Hills  of 
\ew  Mexico  are  practically  the  same  rocks,  as  described  by  Douglas  W. 
Johnson."  The  resemblance  to  the  laccolith  at  San  Jose,  Tamaulipas, 
S[exico,"  is  also  striking  and  the  association  of  soda-rich  rocks  is  worthy 
of  remark. 

Structdral  and  stbatioraphical  Relations 
obnekal  review 

West  Butte,  on  the  map,  figure  3,  is  shown  as  one  specially  large  con- 
nected area  of  igneous  rock,  marked  W.  1  and  W.  S,  and  two  other  prin- 
cipal outlying  laccolitbic  masses,  W.  3  and  W.  4.  Unfortunately,  in  the 
preparation  of  tliis  and  the  other  geological  maps,  no  topographic  maps 
were  available.  The  laccolithic  mass,  W.  1,  is  shown  in  profile  as  viewwl 
from  the  southeast,  in  plate  7,  figure  1.  It  is  tlie  loftiest  summit  in 
West  Butte  and  exhibits  a  general  outline  almost  theoretically  perfeti  for 
a  laccolith.  Its  northwestern  extension,  W.  S,  is  much  lower.  The  rocks 
are  very  similar  in  both  exposures,  and  it  may  be  that  the  two  summits 
are  merely  eroded  parts  of  one  great  laccolithic  mass.  The  steep  escarp- 
ment which  faces  east,  on  the  southeast  corner,  and  which  is  illustrated 
by  figure  2  of  plate  7,  is  probably  due  to  sheeting  and  weathering  along 
a  fault-line,  (ilacial  plucking  has  doubtless  helped  to  accentuate  the 
relief,  an  inference  strengthened  by  the  incipient  cirque  shown  in  figure 
1  of  plate  8.  On  the  south  and  west  the  dips  of  the  fringing  «edinientarv 
strata  are  mo  low  as  to  lead  one  to  infer  that  the  laccolith  was  tapering 
ra|>i<Hy  to  its  thin  edge.  Tlie  summits  W.  3  and  W.  4  are  most  probably 
small  auxiliary  laccoliths  outlying  from  the  main  mass.  They  are  sepa- 
raU-d  from  the  main  mass  and  from  each  other  by  depressions  in  which 
Colorado  shales  still  survive.  The  bases  of  the  exposed  laccoliths  are 
lielieved  to  rent  on  the  Colorado  shales,  and  the  igneous  riK^k  at  its  intru- 
sion presumably  spread  out  laterally  in  this  thick  shale  formation.  The 
stratigraphical  relations  are  shown  hy  the  section  on  figun>  2. 

Middle  Butti?  is  contrasted  with  iHith  the  others  in  having  its  main 

■•  Wbllman  frow ;  Thr  lucolltblc  moiinlaln  groupii  nf  roloradu,  r'tnh.  nnd  Arluinii. 
I'.   H.  Geol.  Kurvpy.  14th  Add.  R^pt,,  pt.  II.  ISIM,  pp.  lt)ri-U41. 

■  >  I).  W.  Jnhniwn  :  Grologr  of  tbF  CerrlllOR  H»l».  New  Mfxico.  Sclxwl  of  Minim  IJiiir- 
irrly.  toI.  2-1,  pp.  173-24(1,  303'3GO.  4Be-nnO.  and  toI.  2S.  1S»3.  pp.  OD-tlS.  Thp  lasl  |»rt. 
iiD  (he  prlraicnipli;.  I«  of  eapeclal  iDtcrent  Id  this  connpcllon.  The  prpiienl  Hpnlor  wrllpr 
■[■put  a  wrek  Jn  tbe  Held  nitb  Dr.  JobuiiOD  Id   1802  aDd  vividly  rccallx  the  HlDillnrlTleN. 

■*  J.  F.  Ketnp :  Tbe  copper  deposlta  at  Sao  JnsC.  TaDUiillpaii,  Mexlrn.  Traax.  Am. 
■  not.  of  Mining  EoKlueeni.  vol.  30.  1<HH),  pp.  lTS-20n. 

J,  F.  Ki'tap  and  O.  I.  Flnlay  :  NepheUDeHyenllr  area  uf  Kbd  Jotif.  TamaiiHtiaK.     Hull. 
(iMil.  »oe.  Am.,  vol.  14.  1904,  p.  B34. 
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marked  cone,  as  shown  in  figure  2  of  plate  12.  E,  6  is  also  a  striking 
summit,  as  brought  out  by  the  same  view.  One  narrow,  continuous  ex- 
posure of  igneous  rock  connects  E.  3  and  E.  6.  It  may  be  that  tiiey  are 
residues  of  one  parent  mass.  The  long,  straight,  northwest  boundary  of 
exposure  E.  4  suggests  a  fault,  and  the  relations  of  it  to  the  other  ex- 
posures is  thereby  obscured.  E.  5  would  appear  to  be  a  small  outlying 
laccolith  in  the  Colorado  shales  2  miles  east  of  the  main  esposurea.  Hay- 
stack Butte  is  another  at  the  same  horizon  and  4  or  5  miles  to  the  south- 
west. Numerous  sills,  many  of  them  minette,  surround  the  central  area 
and  are  especially  well  exposed  in  the  valley  which  heads  up  south  of  the 
Strode  ranch.  The  minette  dike,  4  or  5  miles  to  the  northeast,  is  the 
remotest  outlying  dike  of  wJiich  we  have  knowle<lge  around  the  Hills. 

WEST  BVTTE 

Speaking  in  general  summary  of  West  Butte,  the  rocks  constituting 
the  main  laccoliths  and  the  sills  are  all  porphyritie  or  felsitic  in  texture. 
Typical  granitoid  textures, we  have  not  met.  The  feldspars  are  the  pre- 
dominant and  may  rarely  be  the  only,  phenoerysts,  but  there  are  frequent 
instances  in  which  the  ferromagnesian  (mafic)  minerals  appear  promi- 
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iieiitly  among  them.  The  ferromagnes  an  (mafic)  m  nerals  are  always 
of  smaller  size  ttian  the  feldspars  We  ha^e  not  found  quartz  among  the 
phenocrystfi,  and  can  safely  state  tl  at  t  is  at  most,  rare.  The  rocks, 
therefore,  do  not  reach  the  percei  tages    n  s  1  ca  characteristic  of  the 


aufVltr/CIAL  OCfVS'TS  SEDIMCNTtRY  ROCMS 


ISHEOM  ROCKS 


Fiui'BE  ^.—QeolagWal  Jfnp  0/  WMt  B*%U 

rhyolite-grniiite  series.  Both  orthocla.se  and  plagioclasc  appear  among 
the  phenocr^'sts.  In  some  slides  one  predominatea,  in  some  the  other. 
It  is  improbable  that,  in  any  exposure  of  porphyritic  rock,  either  one 
absolutely  fails,  hut  the  orthiiclase  certainly  sinks  at  tiinett  to  a  very  small 
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amount.  There  ie  one  locality,  specinien  118,  on  the  southwest  corner  of 
West  Butte,  where  the  orthoclases  reach  a  full  inch  in  diameter  and  pre- 
dominate in  the  ruck.  The  plagioclases,  in  our  experience  and  as  statetl 
hy  Weed  and  Pirsson,  range  from  oligoclase  to  basic  labradorite.  Both 
orthoclase  and  plagioclase  are  beautifully  zonal  in  many  instances. 

The  ferromagiiesian  (mafic)  mineral  which  may  be  taken  as  charac- 
teristic of  the  type  is  hornblende.  It  may  be  practically  the  only  one 
present  There  ie,  however,  a  constant  tendency  of  augite  and  biotite  to 
join  it  and  for  augite  to  exceed  it  The  augite  is  commonly  the  ordinary 
green  variety,  but,  by  increasing  pleochroism  and  by  the  characteristic 
emerald  green  color,  the  presence  of  the  ffigirite  molecule  is  suggested  at 
times.  Augite  may  become  so  abundant  combined  with  increase  of  battle 
plagioclase,  as  to  give  the  rock  a  basaltic  aspect  and  to  remind  one  of 
latites  and  cven-of  olivine-free  diabases,  but  we  have  never  detected  oli- 
vine in  the  ftlides.  The  varieties  may  be  considered  merely  basic  extremes 
of  the  usual  laccolithic  rock.  We  have  found  no  exp<»ure  of  rock  corre- 
sponding to  tlie  dark,  basic  yogoite  of  Weed  and  Pirason. 

The  hornblende  and  the  less  common  biotite  of  the  thin-sections  show 
resorption  to  partial  or  even  complete  reorganization,  with  the  produc- 
tion of  much  finely  granular  magnetite.  Augite  has  escaped  the  resorp- 
tion and  at  most  has  narrow  rims  accentuated  by  grains  of  include<1 
magnetite.  From  the  summit  of  laccolith  W.  1  we  have  one  slide,  number 
121,  which  has  a  small  fragment  of  an  older  and  more  basic,  biotite-bear- 
ing  variety  included  in  the  later  feldspathic  porphyry.  The  inclusion  is 
a  reminder  of  an  earlier  crystallization  of  the  magma. 

The  slides  display  ilccided  variety  in  the  groundmass,  even  from  neigh- 
boring parts  of  the  same  laccolith.  We  find  microgranitic  texturi^  in 
some.  Others  have  rods  of  feldspars  in  recognizable  flow -structures,  re- 
minding one  of  typi<'al  trachytic  texture.  The  fehispars  may  be  inter- 
laced and  fairly  coarse  rods  of  plagioclase,  reminiscent  of  diabases,  an<I 
may  again  assume  stocky,  rectangular  shapes,  almost  square.  Prom  the 
east  side  of  laccolith  W.  3,  specimen  116,  and  from  the  summit,  specimen 
117,  have  the  stocky  feldspars  (plagioclase  in  these  instances)  in  ruile 
flow-liiics.  The  latter  has  so  mucli  augit«  as  to  make  a  baitaltic  impres- 
sion on  the  observer. 

We  have  reviewed  the  laccolithic  rocks  of  West  Butte  in  detail  because 
they  furnisli  the  most  accessible  collecting  ground  and  are,  on  the  whole, 
the  he-it  exposed.  Along  the  precipitous  front  on  the  soutlieaat  corner, 
there  is  a  huge  talus  of  beautifully  fresh  rock  which  furnishes  a  very 
interesting  exhibit  and  to  which  a  visitor  may  resort  with  the  best  oppor- 
tunity for  hand  Kjieciniens.    Fnim  the  lalus  (number  1  of  figure  S)  was 
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Finint  1.— Thk  siiAar  Cone  or  Ijr.-.iUTii  M.  1  i>f  Fthibt;  4 
»  IskcD  looking  due  north,  with  nilneltc  fill.  Diimlxr  3!>.  In  tliv  mldiltr  forrRrouDd. 


HhuB-Lnu  thp  rH>l)i!"iinl  iMliininK.  iiiiiiitiiol  In  ihp  sIH«,  Tin-  r.H-k  Is  inlin-m-.  Ihkkly  wt 
B-lth  Iri'Unl.mB  ot  l'PwtmiHirhiH  ii'fks.  Thi-  tii'sn-si  .■x|«wiin>«  i.f  I'lwnnilirliiii  ruik-  urv  Hhout 
HH>  mil.-  WBflt. 
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*^W'tcc]  the  sample  which  has  been  kindly  analyzed  by  Dr.  Henn-  S. 
" Miiujrtoii  with  the  following  results: 


Na,0    5.111 

K/>    S.Stt 

H,0+    0.83 

H,0  o.at 

P,0.   0.28 

SO O.OB 

CO,  none 


Total 99.85 

''^»*'  iiiinii  wai*  calculatetl  hy  Dr.  VVaHhingtiin  as  follows: 

yiiju-tz  10.74  H.vi)erstlit>iii'    2.22 

I )i'tli<H-lns(>   21.i:t  Magnetite  3.25 

AlhltP    44.01  IliUfiilti-    0.30 

Aiiiirtliltv  11.90  Apatite   0.67 

I>tu|Miae  4.86 

^"'ln'  svmlHil  of  the  imrni  in  the  (|iiantitative  Byrtcm  ia  I  (II)  (4)  5.2.4; 
*'*t.  is,  rile  ruck  i*  trnnHitional  hctweeii  clas«  I,  jxTsaiaiie,  and  daBS  II, 
l«»x*i)ym,  I'lrtciug  it  with  the  former,  it  is  again  transitional  Iwtween 
"^*'«T  I,  )|iiardi)felic;  aUHtrare,  and  order  .'».  jXTfelic  caiiadare.  Giving 
\' r^. t\- rcijiT  to  the  latter,  it  falN  in  rang  a.  domalkalii'  pnla-tkase,  and 
-uliriui;;  1.  doFuidic  larvikoxe. 

I'ld-  iilivions  ditTcreiiet'  lietwei'n  the  theoretical  norm  and  the  actual 
^*^"0i.  is  tile  pres^'nce  of  lionihlendc  witli  [>rol)al>ty  tiiilmrdiiiate  augite  and 
\'"'^sili|y  a  shred  of  two  nf  hiotite.  wliereas  dioiiside  and  liyiwrnthene  are 
'ii'Miliuiii'd  ill  llie  niirni.  In  general  we  nniv  nay  that  the  liglit-eolored 
'"m|Kiin.|ils  are  s;.s;(  [M-r  a;nt  hy  weight;  the  dark-eidonNl  ones,  ll.H'l. 
Hy  viihini.-.  the  jirepoiideramre  of  light-eidore.1  woidd  he  sliglitly  greater— 
^omi'ti'lK're  aliout  S  to  1.  Ortlioelarie  is  in  tlie  ratio  to  )dagi(i<']ase  of  31.1:! 
[<>  .M.:>tl.  iiv  ahtiiit  l::i.''i:  l<ut  alkali  feldspar  mide<^'ules  are  to  niiorthite 
1:^  fi.'i.U  :  1  I. !'.'),  or  almut  .'i.l:l.  (juart/  diurite  porphyry  would  thus 
|iiil.-  well  deserihe  the  r.K-k,  in  the  ordinary  no  men. -la  tare. 

Ill  the  huge  talus  of  loose  rm'k  from  the  solid  laeeolith  on  the  santh- 
sisterii  side  of  West  Butte  we  have  eolteetod  many  s|iet-iniens  with  dark 
iigular  inelusions  wliieli  represent  wall  riH-kn  of  the  supply  coiuluit 
ii-k"d  up  in  the  jmssage  i.f  tlie  magma  upward.  Some  apiM'ar  to  repre- 
'Tit  Imnihlendie  gneiss,  ]>resunmhly  fniin  the  l)iisal  I'roeanihriaii :  others 
-I-  "lark  fi  mie  aggri'giites  which  may  he  reervsliillized  limestones  or  eal- 
in-ous  shales.     S]K><'imi'n  '}!>  is  a  ipiartx  •liorile  porphyry  witli  an  iii- 
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in  the  central  portions,  ferroniagiKvian  niiiuTHlri  at  the  lower  itnitact  — 
.  indicate  increasing  basicity  toward  the  bottom,  but  tlic  contrasts  are  not 
BO  great  as  to  develop  yogoite  below. 

Of  the  other  three  laccoliths  no  specimens  were  gathereil,  although  tln-y 
have  ali  been  visited  and  mapped.  To  the  eye,  they  w-emed  Buperfii-ially 
like  the  larger  southern  one. 

The  dikes  and  sills  pre^nt  much  greater  variety  tliaii  do  the  laecoliths. 
Among  themselves  the  two  groups  display  such  similar  varieties  of  roi-ks 
that  there  is  no  advantage  in  treating  them  separately.  One  («n  nut 
reasonably  expect,  in  associated  small  bodies  of  intrusives,  any  great  roii- 
trasts,  because  some  are  parallel  with  the  )>edding  of  the  sediments  ami 
some  cut  across  it.  At  one  extreme  there  is  a  type  with  large  pheno- 
crysts  of  green  hornblende,  with  no  other  phenocrysta  and,  even  und<T 
the  microscope,  with  no  other  recognizable  ferromagnesian  components. 
The  groundmasfi  consists  of  multitudes  of  minute  feldspar  rods,  which  in 
the  vast  majority  of  cases  are  once  twinned  and  have  nearly  or  actual 
parallel  extinction.  Only  a  few  clearly  show  multiple  twinning.  Alter- 
ation somewhat  obscures  the  clearness  of  individuals.  Flow-lines  arc 
well  developed.  There  are  some  little  groups  and  individuals  of  ((uartz. 
Magnetite  and  apatite  are  fairly  abundant,  and  there  are  a  few  spots  of 
Eecondary  caleite,  which,  as  the  hornblende  is  notably  unaltered,  may  n-p- 
resent  thoroughly  decomposed  augites.  From  this  extreme  of  trachytio 
character  we  pass  to  increasing  amounts  of  augite  and  plagioclase  in 
other  dikes  and  sills,  and  to  some  variations  in  the  texture  of  the  ground- 
mass,  because  of  larger  rods  and  stocky  rectangles  among  the  feldspars. 
We  never  find  more  than  a  little  quartz,  but  often  see  much  caleite'  of  a 
secondary  character.  Biotite  first  makes  its  appearance  in  wattered 
shreds.  On  its  increase  it  seems  to  replace  the  hornblende,  and  with  the 
disappearance  of  the  latter  fairly  pure  augite -biotite  varieties  result. 
With  the  further  increase  of  biotite  it  may  be  the  principal  and  pre- 
dominant phenocryst,  and  in  some  of  the  sills  reaches  a  large  size,  over 
40  millimeters  in  diameter.  Augite  is  its  favorite  associate  and  ortho* 
elase  is  so  prominent  as  to  make  the  rock  a  minette. 

The  most  interesting  sill  of  this  character  is  the  one  nunil>ered  .til  on 
the  map  and  situated  on  the  south  side  of  the  upheaval,  a  short  distanc- 
northeast  of  the  Fey  ranch.  It  is  illustrated  in  both  pictures  of  plate  10. 
It  is  about  30  feet  thick  and  has  separated  into  marked  columns  on  c(k)1- 
ing.  The  abundant  biotite  first  catches  the  attention  in  the  gray  niass 
afforded  by  the  weathering  of  a  rock  which  ia  green  when  fresh.  Under 
the  microscope  the  biotite  is  not  so  prominent,  but,  while  abundant,  is 
associated  with  equal  amounts  of  large  and   small  augite,   sometimes 
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zonally  built  with  pale  green  neuters  artd  darker  green  rims,  both,  how- 
ever, with  large  extinction  angles.  Rare  hornblendes,  five  or  six  times  as 
long  as  broad  and  of  a  beautiful  green  color,  are  .likewise  present.  There 
are  no  feldspar  phenocryste,  but  in  tlio  groundma8B  the  little  rods,  once 
twinned  for  the  most  part  and  with  nearly  parallel  cxtinotion,  are  the 
i-hief  (-omponentR.  There  is  much  magnetite,  and  fre(|uent  and  fairly 
large,  rudely  prismatic,  apatites  are  scattered  among  tlie  small  compo- 
neDts.  There  are  evidences  that  some  rather  large  (fmiponent  has  been 
resorbed,  leaving  magnetite  skeletons,  an<l  there  arc  rare  residues  of  cal- 
fite  and  feebly  refracting  serpentine  or  chlorite,  representing  an  original, 
now  hopelessly  altered.  The  rock  may  Iw  best  described  as  a  minette, 
but  it  is  not  so  rich  in  biotite  as  some  others  in  and  north  of  East  Butte. 
The  most  remarkable  feature  of  sill  39  is  furnished  by  tlie  innumerable 
inclusions,  up  to  3  feet,  in  diameter,  of  Precambrian  rocks.  They  can 
be  seen  obscurely  in  figure  2  of  plate  10,  and  in  places  constitute  a  third 
or  a  quarter  of  the  mass.  As  they  are  all  resistant  rocks,  they  show 
slight,  if  any,  effects  of  absorption  or  digestion.  They  must  n'present 
either  fragments  along  a  fissure  or  zone  of  parallel  fissuring  through 
which  the  sill  drove  its  way  like  a  we<igc,  or  else  were  stoped  off  as  the 
magina  ate  its  way  upward.  Among  the  fragments  the  following  varie- 
ties were  recorded:  granite  gneiss,  hornblende  gneiss,  granite,  quartzito, 
bits  of  pegmatite,  garnetiferous  granite  gneiss,  and  mica  schist.  There 
were  also  rounded  inclusions,  which,  in  tlie  one  case  studied,  consisted 
chiefly  of  green,  granular  diopaide  at  the  center,  with  a  black  border  of 
hornblende.  The  total  diameter  was  4.")  millimeters  and  the  border  10 
millimeters  across.  This  inclusion  was  probably  once  limestone.  In 
another  of  similar  nature  garnets  were  noted. 

BA8T  BVTTB 

In  area!  uplift  East  Butte  is  the  largest  of  the  three,  and  brings  to  the 
surface  the  Madison  limestone,  the  oldest  of  tha  sedimentary  strata  e."(- 
posed  in  the  Hills.  The  limestone  is  domed  up  by  the  large  southern 
laccolith,  with  its  two  peaks  at  E.  1  and  E.  2.  figure  -t,  and  is  penetrated 
by  the  more  irregular  bodies,  E.  3,  E.  4,  and  K.  (i.  Smaller  outlying 
lawolitliic  masses  appear  around  the  main  intrusions  at  higher  strati- 
graphic  horizons.  The  fianke  cf  the  uplift  present  a  maze  of  shw'ts  and 
(likes.  Of  especial  structural  interest  is  a  veritable  plug,  10  feet  in  diam- 
eter, which  pierces  the  Madison  limestone  at  specimen  125. 

East  Butte  contains  the  rocks  of  greatest  petrographic  interest.  There 
appears  to  be  a  progressive  change  in  chemical  composition  in  the  out- 
breaks of  the  thri'e  buttcs  from  west  to  cast. 
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West  Butte  has  the  largest  amount  of  the  rocks  which  approach  the 
diabases  and  basalta.     Some  of  our  slides  from  the  summit  of  its  main 


E  S. — aeologifal  Map  of  Eait  t 


laccolith,  as  earlier  remarked,  are  approximations  to  typical  dialmsc-. 
While  there  arc  exposures  which  might  be  correctly  classed  with  trachyte 
porphyries  or  syenite  porphyries,  there  are,  bo  far  as  our  studies  have 
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gone,  no  legirite  rocks  and  no  minettes.  In  Middle  Butte  we  have  similar 
conditions.  The  principal  laccolith,  M.  1,  ie  a  dionte  porphyry,  and 
among  the  sills  and  dikes  are  tjpes  all  the  way  from  trachytic  to  basaltic 
affinities.  We  onlj  know  of  one  minette,  sill  39,  on  the  south  aide.  No 
aegiritc  rocks  have  been  gathered.  Although  some  of  our  specimens  were 
fclsitic  in  texture  and  greenish  in  color,  the  slides  showed  the  green  stain 
to  be  due  to  chlorite,  not  to  Eegirite. 

As  we  come  to  East  Butte  and  take  up  the  slides  of  its  main  laccolithic 
Kummits,  E.  1  and  E.  2,  Kgirit«  in  it«  characteristic  green  needles  makes 
its  appearance.  The  rocks  have  the  familiar  light  green  color  of  the 
tinguaites  and  lead  the  observer  in  the  field  to  suspect  at  once  rich  soda 
and  high  alkali  types.  In  the  sills  the  trachytic  and  andesitic  porphyries 
(respectively  syenitic  and  dioritic)  do  not  fail,  but  instances  rich  in 
orthoclase  and  approximating  trachytic  composition  arc  more  frequent. 
The  extreme  of  the  soda-rich  fcgirit«  rocks  among  those  in  our  collection 
was  obtained  from  a  pipe  or  plug  estimated  by  (ieorpe  M.  Fowler,  who 
gathered  the  sfieeinien  (number  125),  to  be  10  feet  in  diameter.  A  more 
complete  description,  with  an  analysis  by  H.  M.  Washington,  will  be  given 
Ijelow.  Minettes  also  are  more  abundant  in  East  Butte  than  in  the  other 
two.  The  sills,  numbers  40  and  48,  in  the  Colorado  shales,  along  the 
valley  south  from  the  Strode  ranch,  in  the  northwest  comer  of  the  uplift, 
are  both  minettes.  Of  46  an  analysis  by  Dr.  Washington  is  later  given. 
Dike  133,  6  miles  north  of  the  main  uplift,  is  the  minette  collected  by 
Dr.  George  Dawson  and  described  petrographically  by  Weed  and  Pirsaon, 
as  earlier  stated. 

The  rock  of  the  laccolith  having  the  two  summits,  E.  1  and  E.  2,  is 
porphyritic  in  texture,  with  phenocrysts  at  times  of  relatively  large  size. 
Under  the  microscope  they  are  predominantly  orthoclase,  although  plt^io- 
clase  does  not  entirely  fail.  The  orthoclase  is  often  zonal  and  may  reach 
a  centimeter  in  diameter.  Rarely  quartz  has  been  observed  large  enough 
to  be  placed  with  the  phenocrysts  and  favoring  the  borders  of  orthoclase. 
The  phenocrysts  may  attain  such  abundance  that  the  groundmass  appears 
as  if  it  were  relatively  narrow  channels  amid  islands.  The  larger  dark 
silicate  is  augite,  not  always  satisfactorily  fresh.  Its  peculiar  green  sug- 
gests the  presence  in  it  of  the  aegirite  molecule.  .\w8y  from  the  lower 
contacts  it  is  not  abundant,  but  it  does  increase  appreciably  in  the  speci- 
mens taken  along  the  northern,  lower  bortler  of  the  laccolith- 

The  groundmass  is  microgranitic  and  consists  of  feldspars,  quartz,  and 
the  tiny  green  needlea  of  fcgirite.  The  feldspar  is  predominantly  un- 
twinned  and  is  probably  a  soda-bearing  orthoclase.  It  favors  square  cross- 
sections  to  a  degree  worthy  of  remark.    In  Instances  extinction  directions 

XXXII— Bill.  Gkol.  Snc.  Am.,  Vul.  32,  19^0 
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other  Balic  types.  The  ^ronndniass  is  compoBed  of  square  and  rectangular 
orthoclaBes,  or  at  least  uutwinned  feldspar,  making  the  rock  a  very  good 
ttyenite  porphyry.    Magnetite  is  also  a  small  component 

aOUB  pgTROQRAPBW  DETAILS 

TmgiiaUe. — Just  north  of  this  last  exposure,  and  penetrating  the 
Madison  limestone  in  the  brook  valley,  is  the  plug  of  green  rock,  number 
125.  It  is  strongly  porphyritic,  having  abundant  shining,  white,  rectan- 
gular feldspars,  5  to  15  millimeters  in  long  dimension,  set  in  a  dense 
green  groundmass.  Shining,  black  prisms  of  some  ferromagnesian  mjn- 
I'ral,  0.5  millimeter  wide  by  a  maximum  of  2  millimeters  long,  can  aW 
Iw  detected. 

Under  the  microscope   the  feldspar  phenocrysts   arc  apparently  all 


"  W.  r.  BrUgger :  Zeltuchrlfl  fUr  Kryitallograpble,  vol.  i»1.  1860.  On  KroruOllp.  p.  6.1. 
!>□  anivaberglte,  EruptlvceBtelne  del  KHittsntigebletCB.  I.  1894.  p.  ST.  SaiTRlwtsKp  hu 
much  Ifbb  quart!  than  grorudlte  or  none  at  all.  In  other  napecti  th«  mlaeralocr  li 
much  the  Mine.  Involving  alkali  leldapar  (mostly  alblte  and  mlcrocUne)  with  vglrlte. 
Id  more  basic  varletlea.  bornbtende  (kataforite)  replace!  sglHte,  with  somellnMa  a 
peculiar  mica.     When  quarli  falla  altogether,  ntphellte  may  appear. 

'•  Tbe  reldsparB  are  dlaeuaaed  from  the  atandpolnt  of  pbjalcal  cbemlitr;  and  the  COD- 
t-eptionH  used  In  metal lographlc  stadtea  by  H.  L.  AHIng  In  TOl.  izli,  no.  3,  1921,  of  tlw 
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urthoolase.  Multiple  twinning  fails,  but  the  cryctalB  are  inclined  to  de- 
velop partially  altered  centers,  giving  them  a  muddy  aspect.  The  dark 
phenocryste  are  beautiful  ycIlow-green  legirites  or  ffigirite-augitee,  with 
veiy  excellent  cryetal  outlines,  twins  and  zonal  structure.  Pleochroism 
ranges  from  yellowish  green  to  yellowish  brown.  The  groundmasa  is  the 
usual  felt  of  fine  green  sgirite  needles,  showing  flowage  arrangement  and 
set  in  an  isotropic  or  very  feebly  refracting  basis.  The  whole  aspect  is 
the  characteristic  one  of  the  tinguaites.  One  can  not  resist  the  belief 
that  nephelite  is  present,  or  at  least  analcite,  but  gelatinizing  tests  with 
the  pulverized  rock,  both  by  the  senior  writer  and  hy  H.  S.  Washington, 
when  making  the  analysis  given  below,  failed  to  alTord  satisfactory  re- 
sults. The  combined  water  is  so  low,  0.45,  that  the  amount  of  possible 
analcite  would  be  small.  The  analysis  shows  the  silica  to  be  rather  high 
for  good  nephelite  or  analcite  rocks,  while  at  the  same  time  one  can  not 
well  recast  it  without  using  one  molecule  or  the  other.  Analyses  of  two 
other  American  rocks  of  related  character  are  placed  beside  it,  both  going 
even  slightly  higher  in  silica  and  also  in  alumina,  but  lower  in  the  other 
bases.  The  suggestion  may  be  made  that,  as  we  are  dealing  with  a  pipe 
only  10  feet  in  diameter,  the  uncrystallized  residue  may  have  chilled  into 
a  glass  which,  had  it  broken  up  into  minerals,  would  have  afforded  both 
feldspars  and  nephelite  or  analcite.  No  quartz  whatever  has  been  detected 
in  the  rock. 

I  II  III 

SIO,   59. .to        57.40        57.01 

Tin,   0.58  .00  .23 

Al,0,    14.«>         15.40         17.5.1 

Fe,0,  4.58         4.87  S.4e 

FeO   1.40  .87  1.18 

MnO    0.13  tr.  tr. 

MgO    0.70         1.87  .22 

CaO 2.3»         2.59  1.35 

Na,0   7.68  6.48  6.80 

K,0   8,26  9.44  9.W 

H,0+    0.45  .82) 

H,0—   0.11  .0»j         ^-^ 

r,Oj  0.13  .31  

100.44        90.20        99.78 

I.  TiuKualte  iiipe,  KhhI  Butte,  Sweet  Gmms  Htlld.  Sjn^'lnien  12S.  Analysln 
by  H.  S.  Washington  for  this  contribution. 
II.  Tingualte  dike.  Bean  Creek.  Bearpaw  Mountalu»,  Montana.  Weed  and 
I'lraaon.  American  Journal  of  Science.  18M.  volame  II.  iHiKe  192.  H.  N. 
Stoken,  nnaljHt.  Also  01.  .20;  SO„  13;  CO,.  .13;  BnO.  «0;  Srt),  .18; 
making  a  total  at  100.42. 
III.  Tlnfnialte  dike,  C'line  Butte.  Jiiilltti  Muniittilns.  MimtHna.  Ah  undtr  II. 
L.  V,  Plmwm,  analyst.    AIno  CI,  .08;  making  n  total  of  im.tm. 
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Tliene  aiialj-Hea  liave  many  points  of  similarity.  Thv  one  from  Kast 
Butte  ie  about  2  per  cent  higher  in  eilica  than  the  others,  but  analyses  of 
phonolitic  rocks  can  be  easily  found  which  go  higher  yet  in  sihca.  Tlie 
Eaat  Butte  rock  is  the  richest  in  alkalies  of  the  three.  Dr.  Washiupton 
recast  the  analysis  so  as  to  make  the  rock's  formula  In  the  quantitative 
system  II,  5{6),  1.3"  and  the  norm: 

Ortboclase   48.93  IMopwlde  7.36 

AlWte 16.24  Wollnstoiilte 0.9« 

Nephellte   7. JO  Ilmenlte   1.06 

Acmite  13.40  Apatite  O.Si 


Sodium  metasUlcate....     4.76 


Total 100.12 


Minetfe. — Among  the  most  interesting  of  all  the  rocks  in  the  Snwt 
(irass  Hills  are  the  rare  rocks,  minetteo,  which  appear  in  sills  and  dikes. 
One  sill  has  already  been  cited  from  Middle  Butte,  where  there  arp  mif 
or  two  others.  Several  sills  were  mapped  in  the  valley  lending  soulli 
toward  East  Butte  fr<)m  the  Strode  ranch.  Of  these  numl)er  4(1  has  Wn 
selected  as  the  heat  case  for  description  and  for  tlie  analysis,  kindly  rnmli' 
by  Dr.  II.  S.  Washington.  The  rock  forms  a  sill  in  the  Colorado  shales 
and  is  cut  across  and  beautifully  exposed  by  the  creek  valley.  It  is  dark 
gray  in  color  and  richly  spangled  with  shining,  black  phenocrj'sts  of 
biotite,  up  to  a  centimeter  and  more  in  diameter.  In  almost,  but  n<it 
quite,  all  cases  the  biotites  lie  parallel  with  the  walls  and  give  te  tlir 
minette  the  characteristic  resemblance  to  a  biotite  schist.  In  thin-section 
the  most  impressive  mineral  is  the  biotite,  which  is  a  rich  golden  brown 
color.  It  is  very  often  in  well  Ixiunded,  six-sideci  platy-orystals.  Some 
slight  bendings  from  flowdge  may  be  detected.  Augite  in  far  less  abun- 
dant and  in  much  smaller  crystals.  It  is  pale  green  and  has  the  usual 
liigh  extinction  of  common  augite.  There  are  no  feldspar  phenocn'st.*. 
Magnetite  grains  are  richly  scattered  through  the  rock.  As  is  so  often 
the  case  with  tlie  basic,  biotite-rich  rocks,  apatite  is  abundant  and  of 
relatively  large  size.  The  cross-sections  indicate  stocky  hexagonal  prisnix 
up  to  .2  millimeter  in  height  and  diameter.  One  titanite  of  ratlier  larfie 
Rize  for  this  mineral  was  detected.  In  the  groundmass  rods  of  an  lui- 
twinned,  colorless  mineral,  believed  to  be  orthoclase,  may  be  identifieii, 
but  no  plagioclasc  was  detected.  As  is  such  a  frequent  experience  with 
niinettes,  there  is  a  large  amount  of  secondary  carbonates,  and  there  is 
also  a  rather  frequent  development  of  clear,  apparently  secondary  quartz. 
Green  ehloritic  alteration  products  are  not  lacking.  Dr.  Washington's 
analysis  resulted  as  is  given  under  I.  Under  II  and  III  are  other 
niinettes  from  the  laccolithic  mountains  of  Montana. 
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I  II  III 

SIO,  40.98  62.26  46.(H 

no,   1.24  .58  .64 

A1,0.  12.91  13.96  12.23 

Fe,0,    2.49  2.76  3.86 

FeO   4.21  4.45  4.60 

MdO    17  .14          

HgO    7.08  8.21  10.38 

CaO   7.Q6  7.06  8.97 

Na,0    2.64  2.80  2.42 

K,0    6.02  3.87  B.77 

H,0+ 1.78  1.34  2.87 

H,0— 57  1.63 

CO,    2.84  .40            

P,0.   86  .52  1.14 

BaO 43  .23  .48 

BrO   nutdet.         .(«  .25 

SO, 09    not  del-  tr. 

99.91       100.2S         »9.6S 

I.  Mioettp,  E^st  Butte,  Sweet  Grass  HI118.  H.  ».  WauhtDgton,  aualfttt. 
II.  AugKe-mlnette,  Sheep  Creek,  Little  Belt  MountaliiH,  Montana.  I..  V. 
llrswin,  U.  8.  Geological  Survey,  20tli  Annual  Report,  Part  III,  1900, 
page  531.  W.  F.  Hlllebrand,  aoalfst. 
Ill,  Minette  Arrow  Peak,  Hlghwood  Mountiilmi,  Montana.  I^.  V.  PlrxMon,  It.  S. 
(ieologlral  SuM'py,  Bulletin  237,  lOOB,  page  145.  H.  W.  Fuote,  analjHt. 
AiiwCI.  11;  total,  90.T6. 

Ill  tlie  EftHt  Butt*  minette,  when  one  endeavors  to  recast  the  analyiiea, 
the  8.8-i  ("Oj  and  tlie  1.78  combined  water  reveal  auch  a<]vanc-ed  altera- 
tion as  to  make  the  determination  of  eitlier  mo<1e  or  norm  a  matter  of 
uncertainty.  One  only  needs,  however,  to  compare  and  study  the  analyses 
ill  order  to  realize  the  close  similarities  whioh  prevail  among  the  several 
(H-currences.  Tlie  descriptions  corrohorate  the  conclusions  from  the 
chemical  analyses.  The  same  minerals,  the  same  textures,  and  the  same 
alteration  products  appear  in  all  three  cases. 

Along  the  valley  to  the  south  of  number  4G  are  otlier  sills  and  some 
dikes,  among  which  minettes  appear  not  infrequently.  Number  49,  just 
Iwyoiid  number  48  of  the  map,  is  a  variant  from  tlie  typical  variety. 
There  is  much  less  biotite  and,  under  the  microscope,  quite  as  much 
augite  as  biotite.  Hornblende  does  not  fail,  nor  is  plagioclase  altogetlier 
lacking.  The  small  minerals — ^magnetite,  apatite,  and  microlites  of 
augite — are  important  in  the  groundmass.  The  sill  contains  many  inclu- 
sions of  granite  and  some  quartzite,  both  presumably  Precambrian. 
Tliere  are  also  inclusions  of  the  types  of  rocks  found  in  the  laccoliths, 
proving  the  sill  to  l>e  a  later  outbreak  than  are  tliey. 
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Id  this  valley  are  various  other  types  of  rocks  in  the  dikes  and  sills, 
among  which  the  slides  show  a  wide  range  from  trachytic  mixtures  of 
hornblende  and  orthoclaae,  through  variations  with  augite,  biotite,  aiid 
plagioclase,  one  or  several,  in  different  relative  amoutitfl.  Once  one  un- 
derstands the  variations,  detailed  descriptions  and  elaborate  nomenclature 
become  unduly  tedious. 

In  an  exposure  at  number  513,  of  figure  5,  on  the  west  side  of  the  valley, 
■the  intersecting  dikes  and  sills  illustrated  in  figure  6  were  sketched. 
They  are  igneous  rocks  of  at  least  two  ages.  Kootenai  shales  and  a  bed 
of  sandstone  are  the  wall  rocks.  Apparently  the  oldest  rock  is  a  minette — 
half  sill,  half  dike — which  cuts  the  lower  exposure  of  shale  and  feathers 
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out  at  the  overlying  sandstone.  It  is  twice  faulted  in  a  small  way,  a  fea- 
ture exhibited  by  some  of  the  other  igneous  masses.  A  sill,  also  of 
minette,  lies  above  the  sandstone  bed,  but  presents  some  microscopic 
features  unlike  any  other  rock  studied  from  the  Hills.  The  usual  large 
crystals  of  biotite  are  quite  richly  developed.  In  the  groundmass.  how- 
ever, rods  of  orthoclasc  up  to  0.3  millimeter  are  arranged  in  radiating 
rosettes  and  starlike  aggregates.  Other  rods  exhibit  flow-lines.  Apatite 
is  strikingly  abundant.  Masses  of  carbonates  still  preserve  the  outlines 
of  augites.  Pyrite  is  not  infrequent.  At  the  top  of  the  series  is  a  light- 
coloretl  aili,  of  much  more  feldapathic  rock  than  the  others,  but  it  has  in)t 
lieen  examined  microscopicallj'.  All  tlie  sills  are  cut  by  a  dike  of  biotiti' 
porphyry,  meaning  by  the  term  a  trachytic  ruck.    The  scale  is  iu  feel. 
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Contact  effects. — In  a  Binall  gulch,  just  east  of  Gold  Butte  Post-Office, 
on  the  west  side  of  Middle  Butte,  Bome  contact  effects  of  poorly  exposed 
small  dikes  or  sills  have  given  rise  in  former  yeare  to  &  little  prospecting 
by  pits  and  a  shaft.  The  intrusives  have  penetrated  the  Colorado  shales ; 
have  changed  them  to  homfels,  with  accompanying  silicification,  and 
have  impregnated  the  rock  thus  affected  with  pyrite.  A  small  prospect- 
ing shaft  haa  been  sunk,  and  from  the  dump  instructive  specimens  can  be 
collected.  The  igneous  dike  which  has  effected  the  mineralization  is  a 
hornblende-bearing  minette.  It  contains  relatively  large  biotites  and 
hornblendes  in  a  groundmasa  of  fine  feldspar  rode,  predominantly  ortho- 
clase.  Much  magnetite  and  coarse  apatite  are  scattered  throughout  the 
slide.  The  igneous  rock  is  frozen  tightly  to  the  shale,  and  obviously 
following  its  entrance  and  consolidation,  after-effects,  apparently  by  hot 
waters  or  vapors,  were  produced  in  both  dike  and  shales.  The  contact  is 
no  longer  sharply  discernible,  even  under  the  microscope,  being  obscured 
by  tlie  silicification  of  both  rocks.  In  the  dike,  while  the  large  biotites 
among  the  phenocrysts  and  the  small  feldspar  rods  of  the  gronndmass 
are  only  slightly  changed,  the  hornblende  phenocrysts  have  become  chlo- 
ritized,  and  then  in  instances  have  been  replaced  with  pyrite.  Around 
the  pyrite  the  chlorite  residues  and  secondary  calcite  appear.  Through- 
out the  groundmass  are  small,  irregular  bits  of  pyrite,  which  have  prob- 
ably taken  the  place  of  earlier  magnetites.  These  changes  are  closely 
akin  to  4hose  which  have  marked  the  course  of  mineralization  at  Butte, 
^tontana ;  but  at  Gold  Butte  there  is  no  appreciable  sericitization,  whereas 
at  Butte  this  change  is  one  of  the  most  widespread  features.'* 

In  the  shales  silicification  is  marked  for  a  foot  or  a  few  feet  from  the 
intrusive.  It  has  spread  along  the  favorable  layers  and  has  developed 
both  chalcedony  and  quartz,  sometimes  destroying,  sometimes  preserving, 
the  old  fragmental  texture.  Pyrite  entered  with  the  solutions  and  some- 
times forms  small,  stocky  rings  around  quartz  crystals  or  grains.  In 
less  altered  shale  the  pyrite  has  spread  outwardly  along  favorable  layers 
and  has  formed  minute  lenses,  which  are  in  shape  and  relations  extremely 
reminiscent  of  the  large  bodies  of  pyrite  in  slates  and  schists,  which  even 
in  English  we  describe  as  "kieslager."  Some  silica  accompanied  the 
pyrite.  No  assays  have  been  made  by  us  of  the  pyritized  rwk,  but  down 
the  small  drainage  system  into  which  this  particular  gulch  discharges 
are  the  old  placer  diggings  which  gave  rise  to  the  name  Gold  Butte. 

The  most  extensive  contact  effects  have  been  developed  on  East  Butte, 
along  the  northern  edge  of  the  laccoliths  E,  1  and  E,  2.     It  is  here  that 
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the  iron  ores  were  discovered  which  were  described  by  Dr.  A.  R.  Ledous. 
Although  once  opened  up  by  shafU  and  some  drifting,  the  old,  abandoned 
excavations  have  become  inacoesBible  sinie  Dr.  Ledoux's  visit  in  18!tU. 
He  describes  the  outcrop  as  appearing  on  the  contact  of  the  marbleizeil 
limestone  and  the  porphyry.  The  outcrop  was  40  to  50  feet  wide  an<l 
was  visible  for  seven  or  eight  hundred  feet  and  might  extend  much 
farther.  The  surface  ore  sometimes  showed  copper  stains.  The  sam- 
ples yielded  60  per  cent  iron  and  were  low  in  phosphorus.  Dr.  Ledoux's 
descriptions  are  thoroughly  characteristic  of  the  western  deposits  of  iron 
ore  on  the  contacts  of  intrusives  with  limestonea. 

Our  specimens  of  the  ore  are  magnetic  and  indicate  ma^etite  as  an 
abundant,  if  not  the  chief,  component.  Polished  slabs  reveal  an  inter- 
growth  with  specular  hematite.  The  ore  has  many  cavities  and  the 
polished  slabs  reveal  innumerable  small  ones.  In  part,  at  least,  tlic 
cavities  represent  aaatwiated  pyrites,  more  or  leHs  copper-bearing,  but 
now  weathered  away.  Experience  elsewhere  leads  us  to  anticipate  that 
as  the  water-level  is  approached  and  passed  in  depth,  the  unaltered  pyritet 
will  be  found.  The  upper  portions  of  the  deposit  appear  to  be  thor- 
oughly oxidized.  The  presence  of  lime  silicates,  especially  garnet,  with 
the  ore  has  been  recorded.  The  spet-imens  kindly  collected  for  us  by  Mr. 
Fowler  did  nut  show  them,  and  the  senior  writer  regretfully  states  that 
materials  have  not  been  available  for  petrographic  iletails.  The  exigen- 
cies of  our  field-work  prevented  further  collecting. 

It  is  unfortunate  that  this  great  ore  body  is  as  yet  so  remote  from  iron 
works  and  centers  of  population.  The  ore  must  remain  as  a  reserve  for 
the  future.  L.  G.  Westgate'"  has  recently  destTibed  very  similar  de|)oeitj» 
in  the  Little  Belt  Mountains,  near  Stanford,  57  miles  southeast  of  Great 
Falls.  They  are  on  the  contact  of  intrusive  porphyry  and  the  Madison 
limestone;  are  chiefly  specular  hematite,  with  some  magnetite;  are  low- 
in  phosphorus,  and  in  most  samples  yielded  above  60  per  cent  iron.  In 
Hie  Conlilleran  region  practically  all  the  bodies  of  iron  ore  are  now 
known  to  be  of  this  character. 

Other  economic  resources. — Thirty  years  and  more  ago  interest  in 
prospecting  in  the  Hills  was  active.  Dr.  Ledonx  speaks  of  gold-bearitijr 
quartzite  traversed  by  him  in  ascending  the  southern  laccolithic  summit 
of  East  Butte,  and  that  good  colors  were  found  in  the  gravels-of  gulches 
crossing  it.  This  quartzite  must  have  been  one  of  the  Jurassic  or 
Cretaceous  sandstones  or  shales  locally  mineralized  by  the  igneous  rocks. 
He  also  speaks  of  observing  evidence  of  galena  or  gray  copper  near  tlio 

near  Blantard.  HoDtaoi.     IT.  8.  n«o1.  Siirrpj 
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summit  of  the  southern  laccolith,  then  called  Mount  Morri^  We  have 
collected  at  110  of  the  map  of  East  Butte  a  breccia  of  porphyry  which 
is  richly  mineralized  with  cubical  iron  pyrites.  It  came  from  the  Brown- 
Eyed  Queen  claim  and  obviously  along  a  line  of  movement  and  crush. 
Reports  of  other  sulphides  in  West  Butte  are  current. 

The  most  important  object  of  mining  today  is  a  seam  of  coal  at  the 
McDermott  mine,  in  the  Virgelle  or  Eagle  sandstone,  at  the  southeast 
corner  of  West  Butte.  The  seam  ia  S  feet  thick  and  has  been  changed 
by  the  intrusives  into  what  is  locally  described  as  a  high-grade  semi- 
anthracite.  It  is  mined  in  a  modest  way  for  local  consumption.  Of 
the  esploratioDS  for  oil  and  gas  in  the  strata  surrounding  the  Hills  men- 
tion will  be  made  in  the  following  discussion  of  the  sedimentary  geology 
by  the  junior  writer. 

Sedimentary  Rocks" 

BTRATiaHAPBr 

Erosion  of  tlie  Sweet  Grass  Hills  uplift  has  exposed  formations  which 
are  buried  under  later  deposits  for  scores  of  miles  in  every  direction. 
(Htv  Figure  7.)  Thus  the  stratigraphic  sections  which  can  be  measured 
here  form  a  very  valuable  connecting  link  in  the  knowledge  of  tbese  for- 
mationK.     In  this  lies  their  chief  interest  and  importance. 

MiasiHurppiA  >' 
The  .Kpr/iort.— The  oldest  visible  member  of  tlic  sedimeiitiU'y  series  is 
the  Mailixon  limestone,  of  Miwiissippian  age,  and  the  youngest  is  the 
Juditli  River  member  of  the  Montana  group.  The  section  included  be- 
tween these  limits  comprises  the  most  interesting  and  economically  the 
most  important  portion  of  the  entire  stratigraphic  column  in  Montana. 
Aliove  tlie  Mailison  limestone,  elsewhere  in  the  State,  are  a  series  of  rocks 
which  have  yielded  petroleum  at  several  horizons  and  which  are  at  present 
being  actively  explored  by  the  drill  at  scores  of  places,  including  the 
Sweet  Grass  Hills  themselves.  Any  light  that  the  section  here  can  cast 
upon  the  extent,  character,  and  thickness  of  these  formations  is  there- 
fore of  immediate  value. 

>'  The  aiibucqueiit  pagpa  are  bj  Paul  BItllngBle;. 
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The  formations  fouod  in  the  Hills,  with  their  thicknesses,  are  si 
marized  below: 

Pleistocene Glaclitl  moraines. 

QlacUl  UIl.  Peet 

{  Judltb  Hirer . .     tiqi  eroded 

Upper  Cretaceoim        Uoutana  gronii. , .  J  ClaggeU SOO 

[  Eagle 


IDO 


Colorado  i;roup. . 


(Upper  member.  1,000 
' '  j  Iiower  member ,     800 

rx>wer  Cretaceous...   Kootenai  formation 450 

JarasBlc ElllB  formation 200 

Uuconfonnlty. 
Mlsslsslpplan Madison  limestone base  not  exposed 

These  will  be  d iatussed.  in  order,  from  oldest  to  3'oungest. 

Madison  limeatotie. — The  top  of  this  widespread  and  uniform  Carbon- 
iferous limestone  is  exposed  on  the  north,  east,  and  south  slopes  of  East 
Butte.  ]t  lies  at  steep  quaquaversal  dips,  being  apparently  domed  up 
by  a  concealed  lat'coiith,  hut  also  bears  upon  its  upper  surface  the  large 
laccolith  which  appears  on  t)ie  map.  With  intrusive  rocks  above  and  \te- 
low,  the  formation  is  naturally  considerably  metamorphosed,  and  marble, 
magnetite,  ganiet  zones,  etcetera,  occur  at  several  points. 

The  Madison,  so  far  as  seen,  consists  of  heavily  bedded  blue-gray 
limestone,  with  some  lighter  members  bedde<i  in  layers  about  2  feet  thick. 
Since  the  top  of  the  formation  is  an  erosion  surface  and  the  base  is  not 
exposed,  the  thickness  can  not  be  determined,  nor  can  even  the  relative 
place  in  the  formation  of  the  exposed  section. 

Overlying  unconformity. — Normally,  the  Pennsylvanian,  Permian, 
Triassic,  and  Jurassic  formations  should  come  above  the  Miasissippian. 
In  tlie  Kweet  Grass  Hills  is  a  gap  extending  to  the  Jurassic.  This  is 
not  true  of  the  greater  part  of  Montana.  In  the  Pryor  Mountains,  near 
Billings,  al>ove  the  Madison  limestone,  are  Amsden  red  shales  (Pennsyl- 
vanian), Tensleep  sandstone  (Pennsylvanian),  Embar  limestone  (chiefly 
Permian),  Chugwater  red  beds  (Permian  and  Triassic),  and  Sundance 
(Ellis)  limestone  and  sandstone  (Jurassic).  The  strata  between  the 
Madison  and  Ellis  have  an  aggregate  thickness  of  about  1,200  feet. 

Investigations  in  central  Montana  show  that  between  the  Pryor  Moun- 
tains and  tlie  Sweet  Grass  Hills  there  is  a  steady  change  in  the  character 
and  in  the  thickness  of  thcwe  intervening  formations.     The  changes  in 


t.yGoo'^lc 


SEDIMENTARY   ROCKS  467 

L-haracter  are  due  to  varying  conditions  of  deposition;  tlie  variHtion  in 
thjckneaa  in  part  to  this,  bnt  for  the  most  part  t«  the  removal  by  erosion, 
in  Jurassic  time,  of  the  Triaasic,  Permian,  and  Penmylvanian  rocks 
from  northwestern  Montajia. 

The  important  changes  in  character  are  mainly  within  the  Quadrant 
formation,  which,  in  the  Yellowstone  National  Park  and  ceut»al  Mon- 
tana, includes  equivalents  of  the  Amsdcn  and  Tensleep  formations.  The 
Amsden,  Tensleep,  and  Embar  formations  and  their  approximate 
Montana  equivalents,  the  Quadrant  and  Phosphoria,  show  great  variation 
in  thickness,  even  when  this  can  not  have  been  caused  by  the  Jurassic 
erosion.  The  Amaden  member  is  most  persistent,  being  everywhere  rep- 
resented by  a  thin  red  shale  at  the  base  of  the  Quadrant,  The  Tensleep 
sandstone,  on  the  other  hand,  diminishes  from  several  hundreil  feet  in 
northern  Wyoming  and  southwestern  Montana  to  a  few  feet  only,  near 
Billings,  and  either  disappears  entirely  or  is  represented  by  shale  iu 
central  Montana.  The  Embar,  or  impure  limestone  phatte,  with  the 
phosphate  horizon,  merges  eastward  into  the  lower  members  of  the  t'hug- 
water,  as  Condit  has  described'",  hut  northward  becomes  thicker  and 
more  shaly,  exceeding  600  feet  in  Devils  Basin,  Cut  Creek,  and  the  Snowy 
Mountains.  From  this  maximum  it  thins  rapidly  to  the  northwest,  still 
uneroded,  until  in  the  vicinity  of  Lewistown  it  loses  the  protection  of 
the  overlying  Chugwater  formation  and  is  stripped  from  the  region  north 
and  west  by  the  Jurassic  erosion. 

The  Embar  (and  partly  equivalent  Ph<w])horia)  is  the  pr()bable  source 
of  most  of  the  heavy  oils  found  below  the  Cretaceous  iu  Wyoming  and 
Montana.  Its  distribution  and  character  l)ear  directly  on  the  explora- 
tion for  oil  in  the  lower  horizons.  Hence  its  decrease  in  thickness  in 
north-central  Montana  and  its  removal  from  the  northern  part  of  the 
State  are  facts  of  much  importance. 

The  Chugwater  formation,  overlying  the  Embar,  bore  in  Montana  the 
brunt  of  the  Jurassic  erosion  and  is  accordingly  less  widespread  than  the 
Quadrant.  Thickest  to  the  southeast,  where  it  reaches  600  feet,  it  de- 
creases northward,  with  the  beveling  off  of  its  upper  surface,  to  400 
feet  near  Billings  (reference,  Duck  Creek  well  log),  '■ViO  feet  in  the 
Snowy  Mountains  ( measured  section ) ,  and  25(1  feet  near  Cat  Creek 
(West  Dome  well,  number  I).  A  thin-section  of  retl  beds  with  gypsum, 
overlying  the  Quadrant  limestone  at  Belt  Creek,  may  be  an  outlying 
remnant.  Westward  the  Chugwater  decreases  to  200  feet  in  the  Yellow- 
stone Park  and  disappears  near  Gardiner.     To  the  west  and  north  of 

>■  r.  8.  Geol.  Biirrcy  Prof.  Piper  88.  1016,  p.  263. 
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To  show  the  correlation  of  these  membcni  with  sutxli visions  already 
known  elsewhere  in  the  Stat*,  we  have  prepared  a  network  of  sections 
which  ties  together  the  representative  areas.  The  form  of  this  network 
is  indicated  on  figure  7,  and  the  sections  themselves  are  given  in  figures 
a  to  14,  inclusive.  The  baecs  of  correiation  are  several — in  some  areas 
one  member,  in  some  another — being  most  pronounced  and  readily  iden- 
tifietl.  One  member,  however,  the  Mowry,  han  everywhere  a  typical  ctiar- 
a».-ter  and  a  typical  fish-scale  fauna,  and  this  member  has  been  traced  in 
the  field  without  a  break  from  Wyoming  to  beyond  Great  Falls,  and 
where  last  seen  here  it  occupies  an  horizon  which  can  with  little  chance 
of  error  be  located  in  the  sections  to  the  west  and  north.  This  gives  a 
definite  datum  to  which  all  the  Cretaceous  sections  can  be  referred. 
With  this  preliminary  explanation,  we  can  pass  to  the  descriptions  of 
the  members  of  the  Cretaceous  series. 

In  the  Sweet  Grass  HiIIh  the  KtKitcnni  formation  ciiiisistM  of  rusty- 
weathering  brownish  shales  snd  buff  to  gray  sandstonen.  Ited  color  is 
pronounced  only  in  the  uppermost  members^  and  even  in  them  is  much 
less  here  than  to  the  south  and  east.  The  heavy  sands  at  the  base  are 
associated  with  coal  seams  farther  soutli  and  southwest,  but  no  coal  has 
been  found  in  the  Kootenai  in  the  Sweet  Grass  Hills.  One  of  the  lower 
sands  does,  however,  contain  a  tarry  oil  residue,  both  here  and  at  several 
points  to  the  north.  The  source  of  this  maltha  is  an  unsolved  problem. 
Certainly,  the  Kootenai  itself  has  no  petroliferous  or  organic  rich  shales, 
and  the  Phosphoria  is  not  present  here.  Possibly,  farther  north,  the 
Kuotenai  rests  upon  petrolifemns  Devonian  beds  which  were  exposed 
by  the  Jurassic  erosion,  and  oil  from  these  might  find  its  way  into 
Kootenai  sands  and,  after  migration  and  the  distillation  of  the  volatile 
constituents,  leave  the  tarry  residue  now  found. 

The  Kootenai  formation  is  about  450  foet  thick — a  thickness  whidi  it 
retains  southward  and  eastward  nearly  to  the  borders  of  Montana. 
Westward,  toward  its  source,  it  increases  rapidly,  reaching  3,000  feet  in 
the  Rocky  Mountains  near  Crowe  Nest  Pas",  about  150  miles  northwest 
of  the  Sweet  Grass  Hills, 

UPPER  CRBTACBOVe 

Colorado  group. — The  Kootenai  formation  is  continental,  trending 
toward  arid  conditions  at  the  top;  it  is  succeeded  by  the  marine  sand- 
stones and  shales  of  the  Colorado  group.  These  beds,  gonerally  soft  and 
easily  eroded,  occur  as  a  lowland  belt  about  a  mile  wide,  surrounding 
each  hutte,  limited  outward  by  an  encircling  rim  of  Eagle  sandstone  or 
a  bench  of  Quaternary  gravels.  Most  of  the  igneous  masses  of  the 
XXXIII— Bull.  Geol.  Soc.  Am.,  Vol.  35,  lft20 
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buttea — laccoliths,  sills,  and  dikes — are  within  the  Colorado  beds.  The 
main  Weet  Butt«  lacculitli  lies  on  lower  Colorado  strata  and  domes  up 
upper  Colorado;  Middle  Butte  is  formed  of  interbedded  sills  and  lower 
Colorado  shales ;  the  outlying  laccoliths  of  East  Butte  are  between  mem- 
bers of  the  Colorado.  Such  gas  and  oil  as  liavo  been  revealed  by  the 
drill  are  in  the  lower  part  of  the  Colorado  formation. 

In  the  Sweet  Grass  Hills,  as  generally,  the  basal  member  of  the  Colo- 
rado is  a  sandstone.  Here  it  is  about  75  feet  thick  and  varies  from 
"hard  gray  sandstone"  to  "dark  sandy  shale."  Such  a  sandstone,  resting 
on  Kootenai  red  shales  and  succeeded  by  marine  shales,  is  found  in  most 
of  the  Montana  sections.  It  is  absent  only  in  a  central  belt  running 
iiorthwestwan]  through  Billings,  Lewistowu,  and  (ireat  Falls.  East  of 
Ihis  belt  tlie  "parting"  sandstone  is  present  in  the  Bighorn  Mountains, 
where  it  is  the  top  of  the  ('loverly  of  Darton's  reports,  and  in  the  Cat 
('n-ek  oil  field,  where  it  is  tiie  "Cat  Creek  sand."  To  the  weMt  a  sand- 
stone between  tiie  red  and  black  shaieM  is  found  at  Big  Coulee,  Shawmut, 
Sim  Hiver,  Collins,  and  the  Sweet  Urass  Hills.  This  aand  is  sometimes 
called  Kootenai,  sometimes  Dakota,  and  sometimes  Colorado — never, 
however,  on  fossil  evidcniv,  which  is  absent.  It  would  seem  logical  to 
call  the  Cat  Creek  and  Bighorn  sandstone  "Dakota,"  as  it  is  almost 
certainly  continuous  with  typical  Dakota;  to  recognize  that  Dakota  is 
absent  in  the  central  belt,  and  to  tentatively  call  the  lower  sand  in  the 
western  area  "Lower  Colorado."  Since  the  Colorado  Sea  came  in  from 
the  south  and  crept  northward  over  tiie  Kootenai  land  surface,  its  basal 
!<aiKlstone  should  be  slightly  more  re<'ent  to  the  northwest. 

Above  the  basal  sandstone,  in  the  Sweet  Grass  Hills,  is  a  series  of  blue, 
brown,  and  black  shales  with  numerous  sandstone  bands.  This  series  is 
about  400  feet  thick,  above  which  the  beds  are  more  calcareous,  but  still 
have  much  sand,  to  a  total  thickness  of  about  8011  feet,  above  the  base  of 
the  Colorado.  The  top  of  this  sandy  phase  is  the  horizon  which,  north 
and  east  of  Great  Falls,  can  be  definitely  correlated  with  the  top  of  the 
Mowry  member. 

This  means  that  the  lower  800  feet  of  Colorndn  in  the  Swei.'t  Grass 
Hills  is  the  equivalent  of  the  Mowry  and  Thermopolis  formations  of 
southern  Montana  and  Wyoming.  Their  character  has,  however,  changed 
in  the  long  distance  from  the  type  localities.  The  Mowry  has  become 
more  sandy;  the  shale  of  the  Thermopolis  is  less  bituminous  and  more 
sandy,  and  many  tliin  sandstone  layers  have  appeared.  A  glance  at  the 
general  sections  will  show  that  this  is  the  normal  behavior  of  these  forma- 
tions to  the  north  and  west  of  their  type  localities  in  the  Bighorn  Basin 
of  Wyoming.    Sections  (i  (Big  Horn),  on  figure  14.  and  5  (Yellowstone 
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River),  on  figure  13,  Bhow  that  the  typical  ThermopoUe  black  ehale  was 
deposited  in  a  trough  between  Yellowstone  Park  ajid  the  Black  Hills, 
with  a  shallow  "reef"  extending  from  the  Big  Horn  northward  to  the 
Porcupine.  On  the  east  side  of  the  trough  the  Thermopolia  becomes 
very  thin;  on  the  west  side  it  becomes  sandy,  due  to  the  proximity  of  the 
Rocky  Mountain  shoreline. 

This  "trough"  of  bituminous  black  shale  can  be  fallowed  northward 
into  Montana  by  referring  to  sections  i  (Musselshell  River),  on  figure 
12,  3  (Great  Falls-Cat  Creek),  on  figure  11,  and  2  (Milk  River),  on 
figure  10.  Each  one  shows  the  thinning  out  to  the  east  and  the  increas- 
ing sandiness  to  the  west,  and  on  section  2,  figure  10,  the  position  of 
the  Sweet  Grass  Hills  relative  to  the  Thermopolia  trough  can  be  seen. 
The  final  result  of  the  increasing  sandiness  westward  is  shown  on  section 
1,  figure  9,  the  sandy  Thermopolia  grading  Into  the  Blackieaf  phase, 
and  this  into  the  thick,  partially  continental  Blairmore  formation  of 
the  Canadian  geologists. 

To  sum  up,  the  early  Colorado  Sea  entered  Montana  from  the  south, 
and  first  crept  northward  in  an  embayment  now  marked  by  the  thick 
Tbermopolis  black  shales.  On  the  west,  high  lands  supplied  coarse 
detritus  and  sand,  which  were  deposited  along  the  western  border,  while 
the  black  shale  was  laid  down  in  the  center.  On  the  east  were  no  high 
lands,  but  probably  a  very  shoal  sea  with  no  deposition. 

These  conditions  changed  under  the  impetus  of  a  quick  oBcillation 
which  first  shoaled  the  sea,  permitting  fine-grained  sand  (Mowry)  to  be  ■ 
spread  ItroHdcaat  over  the  entire  region,  and  then  abruptly  submerged 
.  the  whole  plains  region  to  a  depth  which  permitted  the  deposition  of 
only  fine  calcareous  shales  over  central  Montana,  with  interbedded  lime- 
stones east  of  Billings.  The  western  shoreline  retreated  far  west  of 
the  present  Rocky  Mountains.  The  Sweet  Orass  Hills  sections  reflect 
these  changes.  Above  the  sandstone  that  marks  the  top  of  the  Mowry 
are  brown  and  blue  calcareous  shales,  with  a  very  little  black  shale  and 
almost  no  sandstone.  The  thickness  of  this  member  is  1,000  feet,  and 
it  represents  the  upper  Benton  and  Niobrara  stages  of  Creta<'eous  time. 

Like  the  Thermopolis  Sea,  this  upper  Colorado  Sea  advanced  from 
the  southeast.  The  Mowry  shoaling  of  the  sea,  which  was  moat  pro- 
nounced in  the  Yellowstone  Park  region,  did  not  reach  the  Black  Hills, 
and  the  deposits  of  the  Upper  Colorado  Sea  are  far  thicker  in  eastern 
and  central  Wyoming  than  in  central  and  northern  Montana.  Being 
3,200  feet  thick  at  Basin,  Wyoming,  this  formation  decreases,  as  we 
have  seen,  to  1,000  feet  in  tlie  Sweet  Grass  IJills.  Its  chief  submembers 
in  the  southeast  are: 
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1.  Frontier  member — sandy  phase  near  bane,  beat  developed  tn  tbe  Blghurn 

2.  "A"  beds — limy  cuucrfttuiiH  at  horlznn  nbout  200  feet  alKire  Frontier.    Trat'e- 

able  from  Bliick  HIIIb  to  Great  Falls, 

3.  Ureeuboru  limestone — thin,  jilaty,  fogfllllferouH  ItmeKtone.  trueeublo   rn>m 

Black  Hills  to  BlUinKM,  about  300  feet  above  "A"  beds. 

4.  Niobrara   limestone — at  top  of  Upper  Colorado.     Not  dlsllntniii^liable  hi 

Montana,  but  jirobably  represented  by  u]>|iermoKt  100  feet  of  iiileareou!' 
abales  In  tbe  Sweet  Urass  Hills  wctlou. 

Montana  group.— From  the  maximum  mariDewartl  oscillation  repre- 
sented bv  tlie  I'pper  Colorado,  the  peudulum  of  earth -movement  swun^ 
back,  with  several  breaks,  to  tlie  maximum  landward  oscillation,  repre- 
sented hy  the  Tertiary  deposits.  The  Montana  f;roup  of  alternating 
terrestrial  samlstoiies  and  marine  shales  is  the  expression  of  these 
movements. 

The  pn'sent  knowledfjt'  of  this  group  is  based  almost  entirely  on  the 
painstaking  work  of  a  gronp  of  geologistc  of  the  United  States  (ieological 
Survey.  The  earlier  investigators  were  almost  unavoidably  confuseil  by 
the  repetition  of  similar  formations,  by  the  numerous  obscure  faults  and 
the  long  utretclies  of  Tertiary  deposits,  which  concealed  Hie  Montana 
group.  Thus  11.  M.  Dawson,  Hayden,  Peele,  and  Weed  were  le<i  to 
uorrelate  formations  similar  in  npjwarance,  but  as  widely  separatee)  in 
time  as  Colorado,  t'laggctt  and  Bearpaw  or  Eagle,  Juilitii  River,  and  Pox 
Kills.  The  true  sefjuence  was  first  made  plain  by  Hatober  and  Stanton," 
■  and  the  stratigra|)hy  of  the  group  has  been  elaborated  by  Stebinger," 
Boweii,*'  and  Ham'ock-',  Calvert  and  Stone"  have  attacked  and  solved 
the  problem  of  the  aixiesitic  de|>osits  of  central  Montana.  The  Montana 
group  is  one  of  the  best  known  ami  most  adequately  intcrpreteil  in  the 
region. 

The  Eagle  sandstone  is  the  lowest  member  of  the  Montana  group.  It 
in  alight-colored,  soft  sandstone,  about  100  feet  thick,  and  is  in  the  field 
the  best  horizon  marker  of  all  the  upper  Cretaceous  members.  It  im- 
mediately underlies  the  surface  for  many  miles  to  the  west,  north,  and 

'"T.  W.  HUoton  and  J.  11.  lUtcher ;  Oeology  anil  paleontology  of  Ihp  Judith  River 
bedK.     U.  S.  (Jeol.  aurvej  Bull.  L'5T,  1905. 

■■  Eugenr  Sl«lilnger :  Tbe  Montana  group  ol  aor(taimit»ni.  Mnolapn.  I'.  H.  Otol.  Kiir- 
v»y  Prof.  I-aper  00,  October,  lOH,  pp.  ei-«8. 

"  C,  t'.  Rowen :  The  Btratlgraphy  of  the  MoDtaoa  group,  with  apeclml  referenee  to  th» 
position  and  age  of  the  Judith  Rlrer  formatloD  Id  Dorth-ceDtral  Uontane.  Idem.  Feb- 
ruary. Iflin.  pp.  D5-1S3. 

a  E.  J.  Hancock  :  fieolow  aod  oil  and  gna  pro«p*cl«  of  the  iMkr  Basin  Held.  Uoataoa. 
V.  S.  0«)1.  Rurver  Bull.  691.  1911),  pp.  101-H8.  r.eology  and  oil  tod  sas  proapecl*  of 
th*  Iluntle)'  Held.  Montana.     V.  8.  Oeol.  Surrey  Bull.  Til.  1920.  pp.  10r>-14N. 

"  K.  W,  Stone  and  N.  U,  rnlyert :  Stratlgraphlc  relatlona  of  the  I.lTlngxtan  forma- 
tion, Montana.     Ki-onomlc  (ieology,  vol.  0,  1910.  pp.  nril-fiST.  (W2-e«fl,  71I-70*. 
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east  of  the  three  butten,  and  the  deeper 
coulees  almost  invariably  cut  into  it, 
with  resulting  picturesque  canyons. 
Around  the  butt«s  the  Eagle  is  turned 
up  in  encircling  rims  which  inclose  the 
inner  lowland  of  Colorado  shale. 

The  <'hange  from  the  calcareouw 
shales  of  the  uppermiwt  Colorado  to  the 
massive  buff  samlslnne  is  \('ry  abrupt 
and  boars  witness  to  a  rapid  retreat  of 
the  sea  and  the  spreading  of  Eagle  as  a 
retreatal  sandstone.  It  is  probably 
marine  at  the  base,  with  seaweed  casts 
and  worm  tracks,  but  near  the  top  the 
coal  bears  witness  to  its  emergence  frinn 
the  sea.  On  the  southern  edge  of  West 
Butte  this  eoal,  by  reason  of  proximity 
to  the  intrusive  nicks,  has  been  meta- 
morphosed into  a  high-grade  semi- 
nnthracite. 

Above  the  Eagle,  in  the  eastern  part 
of  the  region,  are  marine  shales,  of 
which  259  feet  were  cut  in  Montaim- 
Canadian  well  numl>er  I.  It  is  at  least 
■iilO  feet  above  the  collar  of  this  well 
to  the  base  of  the  Juilith  Hiver  beds, 
which  cap  the  ridge  to  the  northeast; 
so  that,  in  all,  about  5110  feet  of  Clag- 
gett  is  here  represented.  In  well  num- 
bo!'  I,  however,  north  of  West  Butte, 
sandstone  is  practically  tuntinuoiis 
from  the  base  of  the  Eagle  up.  Be- 
tween these  (Hiints,  therefore,  is  the 
approximate  shoreline  of  the  Claggett 
Sea,  where  the  marine  shales  give  way 
to  sands  from  the  west.  This  shoreline 
can  be  traced  southward  through  see- 
tiiriis  -t,  4,  5.  and  6. 
This  completes  the  list  of  formations  which  are  represented  in  their 

entirety  in  the  Sweet  Grass  Ililla  ri^ion.     The  sections  there  seen  fix 

definitely  the  following  important  facta : 
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